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GEJiJEAL  IKPCRfcATION 


Qiapter  1 

Syatenatto  Classification  of  Atmospheric  Pollutants 


1.  Introductory  remarks 

The  problem  of  atmospheric  end  water  pollution  is  inextricably 
bound  with  the  development  of  humanity.  However,  it  was  not  particu¬ 
larly  grave  during  numerous  centuries,  since  the  amount  of  contamina¬ 
tion  produced  by  man  was  relatively  email. 

The  danger  of  water  pollution  was  recogpized  quite  early  be¬ 
cause  of  the  diseaaea  end  epidemice  spread  by  water,  but  it  took 
centuries  to  recognize  the  danger  and  harm  inherent  in  a  polluted 
atmosphere. 

The  problem  of  atmospheric  pollution  was  dealt  with  by  Vit¬ 
ruvius  in  his  work  written  between  year  23  and  27  E.C.  ’.Siting  on 
the  subject  of  planning  urban  settlements,  he  recommended:  "first 
comes  the  choice  of  a  very  health}'  site.  Such  a  site  will  be  high, 
neither  aiety  nor  frosty,  and  in  a  climate  neither  hot  nor  cold, 
brat  temperate;  further,  without  marshes  in  the  neighbourhood.  For 
when  the  morain;  breezes  blow  toward  the  town  at  sunrise,  if  they 
bring  with  them  mists  from  marshes  and,  mingled  with  the  mist,  the 
poisonous  breath  of  the  creatures  of  the  marshes  to  be  wafted  into 
t„ie  bodies  of  the  inhabitants,  they  will  make  the  site  unhealthy. " 

In  the  13th  century,  the  sitting  of  the  British  Parliament 
was  transferred  from  London  to  Nottingham  because  of  air  pollution 
In  London,  and  King  Edward  I  issued  a  proclamation  forbidding  the  use 
of  coal  fuel  in  London  during  the  sitting  of  the  Parliament. 

The.  first  book  dealing  with  the  harmful  effect  of  metal  dusta 
and  vapors  in  the  air  was  published  in  1524-  (1.8).  A  prize  of  30 
guineas  or  a  gold  medal  was  established  in  Shglar.d  in  1795  for  the 
meet  effective  method  of  abating  fumes  issuing  from  forges  and  fac- 

Ltcrlee  (1.4).  _ j 


% 


During  the  last  few  decades,  th®  problem  of  abating  atmospheric  •' 
pollution  ha*  assumed  enomous  importance,  mainly  for  the  following 
tvo  reasons t 

!•  Increase  in  the  number  of  types  and  sources  of  atmospheric 
pollution  as  a  result  of  an  explosive  development  of  industry  and 
transportation ; 

2.  Concentration  in  industrial,  districts  of  the;  sources  of 
pollution  and  high  population  densities  over  small  areas* 

This  led  to  the  necessity  of  dealing  with  the  problem  not  only 
by  the  individual  countries,  but  also  by  international  organizations. 
It  was  resolved  at  the  1954  World  health  Organisation  Congress  in 
Kilan  that  ” atmospheric  pollution  is  a  complex  problem  which  should 
be  dealt  with  by  all  countries,  including  those  in  which  this  pro¬ 
blem  is  a  new  one"  (1.9). 


Qr>e  could  risk  the  statement  that  the  problems  connected  with 
atmospheric  pollution  at  present  constitute  a  separate  science  con¬ 
sisting  of  a  number  of  specialized  branches*  Hie  degree  of  the  fas¬ 
ter  of  Air  Pollution  is  granted  by  five  American  universities  (Har¬ 
vard,  Rutgen,  California,  Cincinnati  and  Florida).  Bibliography  on 
the  subject  consists  wf  10,000  entries,  and  there  are  several  hun¬ 
dred  scientific  and  industrial  canters  throughout  the  world  where  the 
problem  is  being  studied. 


2*  Definition  of  atmospheric  pollutants 

Tne  concept  of  pollution  presupposes  the  e”4  stance  of  pure 
substance*  Therefor*,  when  we  speak  of  atmospheric  pollution,  we 
must  first  define  the  composition  of  pure  atmospheric  air.  The  av¬ 
erage  composition  of  air  relating  to  its  constant  components  is  giv¬ 
en  in  Table  1,1.  (0.14). 

The  coraroeition  given  in  the  Table  relates  only  to  the  trop¬ 
osphere  which  extends  to  a  height  of  13  kilometers  above  the  Sarth's 
surface.  A  gravitational  partition  is  evident  in  the  higher  levels 
of  the  atmosphere,  but  the  differences  in  the  percentage  of  the 
individual  components  are  air'  ia.l,  being  of  the  order  of  O.OOfiJs. 


It  should  be  further  explained  that  although  the  composition 
of  pure  air  is  accepted  as  constant,  certain  perceptible  changes  in 
it  are  beginning  to  take  place  as  a  result  of  pollution.  For  instance, 
the  average  CO2  content  hae  increased  during  the  lest  50  years  by 
30  pm  (C,1A}«  Given  the  mass  of  the  atmosphere  estimated  at  4*5  x 
x  Mr'  tons,  this  means  an  increase  of  the  COp  content  by  1.35  *  10*1, 


tons. 


Table  1,1 

Average  composition  of  pure  atmospheric  air 


Component  Content a  in  parte  per  *11- 

lion  (ppm) 

By  volute  By  weight 


Nitrogen  Nj 
Caygen  pg 
Argon  A 

Carbon  dioxide  CO2 
Neon  He 
Helium,  He 
Methane,  Ofy 
Krypton,  Xr 
Nitroua  oxide,  N2O 
Hydrogen,  K2  . 
Xenon,  Xe 


780,900 

755,400 

309,500 

231,500 

9,300 

12,600 

300 

460 

28 

12.5 

5,2 

0.72 

2.2 

1,2 

1.0 

2,9 

1*0 

1,5 

0.5 

0.03 

0.08 

0.36 

The  average  caaposition  of  the  air  ehoWn  in  Table  1,1  is 
regarded  ae  the  standard  with  which  all  the  component*  regarded 
aa  impurities  are  coopered. 


In  addition  to  the  oonetaat  components,  the  air  contains 
a  number  of  other  components  which  are  otitted  into  the  ataoephere 
aa  a  result,  of  the  natural  or  human  activities  (water,  water  va¬ 
por,  dust,  pollen,  bacteria,  salts,  gases  suoh  as  00,  SCfc  SO3,  He, 
HF,  Hjd,  C3,  NO2,  fK3,  etc.).  The  concentrations  of  those  compo¬ 
nents  are  widely  variable  in  time  end  place.  As  a  rule,  all  these 
substances  are  regarded  as  contaminants.  However,  an  increase  in 
the  concentration  of  a  constant  component  of  the  air  above  the 
average  value  is  also  regarded  as  pollution. 


Consequently,  atmospheric  pollution  is  defined  as  tha  pres¬ 
ence  of  any  solid,  liquid  or  gaseous  substances  whose  concentra¬ 
tion  in  the  air  exceeds  the  average  concentration  of  theae  sub- 
staneas  in  pure  air. 


3.  Systematic  classification  of  dusts  and  mists 

Jh  the  discussion  of  the  problems  connected  vita  atmosphe¬ 
ric  pollution,  noat  numerous  misunderstandings  arise  from  the 
methods  of  defining  dusts.  In  order  to  define  a  dust  accurately, 
it  is  neoeseary  to  take  into  account  ita  following  characteristics) 


1.  Method  of  dispersion; 


i 


2«  T)agree  of  disintegration  of  the  uieperse  phase} 


3*  Its  fora;  arid  origin. 

Dusts  and  mists  belor.;:  to  two-phase  systems.  The  component 
present  in  larger  amexmt  is  called  the  dispersion  medium,  while  the 
other  component  forms  the  disporse  phase. 

Both  the  dispersion  medium  and  the  disperse  phase  can  be  in 
the  solid,  liquid  or  gaseous  form,  therefore,  there  are  nine  possible 
tv/o-e  opponent  systems.  Tbe-ce  are  shown  in  Table  1,2  (after  Os  twain 
(0.20)),  (^)ctet/  A  general  bibliography  is  included  at  the  end  of 
the  bock ) . 

In  problems  connected  with  atmospheric  pollution,  we  deal 
only  with  systems  No  3,  6,  and  9,  A  three-compor.ent  system:  solid 
anu  liquid  in  gas  occurs  quite  frequently/  in  the  atmosphere.  In 
the  tflcteiical  literature,  this  system  is  usually  referred  to  es 
aerosol. 

The  next  basis  for  tuo  classification  of  two-component,  sys¬ 
tems  is  tht  degree  of  disintegration  of  the  disperse  phase.  In  or¬ 
der  to  avoid  confusion,  it  has  been  accepted  after  J.  Gicorowski 
(G.3)  to  use  the  terr.3  granule  and  droplet  respectively  for  the 
solid  and  liquid  elenants  of  the  disperse  phase. 

Three  decrees  of  disintegration  are  distinguished  in  the 
classification  of  colloids:  mechanical,  colloidal  and  molecular. 

Before  a  systematic  classification  of  dusts  and  mists  is 
set  up,  it  ia  necessary  to  establish  the  upper  limit  of  granule 
or  droplet  size  below  which  a  two-phase  system  can  be  regarded  as 
a  uuct  of  a  mist*  however,  the  establishment  of  a  rigid  limit  is 
very  difficult,  particularly  with  regal’d  t.o  liquids.  The  gone  rally 
accepted  limit  is  the  site  of  a  particle  whose  rate  of  fall  in 
still  air  is  constant.  However,  the  rate  of  fall  depends  not  only 
on  the  particle  size,  but  alsc  on  its  specific  gravity,  shape  and 
surface  properties,  for  trds  reason,  there  are  substantial  differ¬ 
ences  in  the  upper  sire  limit,  which  is  generally  accepted  to  lie 
between  60  ju  (0.14)  era  1,000  u  (1.3),  1-eldau  (c.16)  proposes  the 
fcllox.ln;;  division:  1)  >  500  p  —  coarse  particulates;  2)  500  - 

-  100  u  —  medium  dust;  3)  100  -  ?  )i  —  fine  dust;  4)  5  u  —  very 

fine  dust .  Tills  division  has  been  partly  taken  into  account  in  the 
classification  of  dusts  adopted  in  the  present  work. 

‘Hie  basic  criterion  in  dividing  two-coaponont  systems  into 
ti-.oee  mschanically  and  colloidally  disinta. -rated  in  the  behavior  of 
the  yrunu'US  (droplets)  in  still  air.  The  essential  im  creation  is 


Table  1,2 

Division  of  two-oomponent  systems  depending  on  the  state 
of  the  disperse  phase  end  the  dispersing  medium 


Examples 

Ground  coel  or 
ore  with  oostbus* 
tible  rook* 
muds,  crystals 
with  occluded 
water* 


Ho 

Disperse  phase 

la^on 

{ - N 

1. 

Solid 

Solid 

"I 

| 

4*1 

liquid 

Solid 

mud  l 

3. 

Gas 

Solid 

Dust,  1 
solid  | 
foam  } 

Flour,  coel  dust, 
crystals  with 
occluded  water* 


Solid 

Liquid 

Colloidal  \ 

K,tmn 

Suspensions  in 
sedimentation 

prooeasos. 

Liquid 

Liquid 

Colloidal/ 
sssulaion  (  sol 

Water-in-oil  sstul- 
vsiona,  fat  In 
water  emulsions. 

Gas 

liquid 

Foam  ) 

Gas  bubbles  in 
liquids,  soap  lather 

Solid 

Gas 

Dust  y 

v  aerosol 

feed  dust,  oca* 
bastion  fiats  coal 
dust  in  a  burner. 

liquid 

Gas 

Hist  J 

Fog,  condensing 
vapor,  clouds. 

Gas 

Gas 

fixture  of  gases 

Combustion  fumes, 
industrial  gases. 

whether  the  granules  (droplets)  settle  down  at  a  uniform  rate,  or 
whether  they  exhibit  the  Brownian  notion*  However,  the  assignment 
of  a  rigid  particle  size  limit  in  this  case  is  oven  more  difficult 
than  in  the  previous  one.  The  Brownian  motion,  in  the  air  can  be  ex¬ 
hibited  by  particles  or  droplets  as  large  as  5  p,  while  it  is  cer¬ 
tainly  exhibited  by  all  particles  0.1  ;i  in  diameter.  W.  Ostwald  (#.20| 


5 


proposes  the  granule  (droplet)  diameter  of  0.5  ^  as  the  dividing  lime 
between  mechanical  end  colloidal  dispersion*,  Ccrree  (1,1)  proposes  * 
particle  site  of  0*2  u,  Backup  and  Schmidt,  Zjxt  and  the  French  sour¬ 
ces  (0*22),  a  diameter  of  5  p.  J.  L.  Eiehbom  (1,2)  suggests  that  two- 
component  system*  composed  of  particle*  (droplets)  5  J*  la  diameter' 
be  called  aerosols,  those  having  diameters  of  5  -  50  Jh  coarse  aerosols, 
end  that  the  ten  suspension  be  applied  to  systems  composed  of  still 
larger  particles* 

V*  K.  Alekseyeva  (0*1)  dafines  a  duet  as  being  s  two-phase 
system  having  particles  larger  then  0*1  p.  in  diameter,  end  an  aero¬ 
sol  ss  a  solid-gas  or  liquid-gss  system  composed  of  granules  or  drop¬ 
lets  smaller  than  0*1  jtu 

The  properties  of  dusts  and  their  behavior  in  the  air  also 
depend  on  their  origin  or  form.  This  gave  rise  to  numerous  additional 
definitions  aiming  at  .  more  precise  description  of  the  properties 
of  dusts* 


N*  A.  Puke  (0.11)  proposes  a  general  division  of  aerosols 
into  dispersion  and  condensation  types.  Dispersion  aerosols  are 
formed  as  s  result  of  the  disintegration  of  particles  larger  than 
500  M  and  their  dispersion  in  a  gaseous  medium,  while  condensation 
aerosols  are  formed  as  a  result  of  the  condensation  or  solidifica¬ 
tion  of  vapors.  The  particles  of  dispersion  aerosols  are  irregular 
in  shape,  while  those  of  condensation  aerosols  are  spherical.  Fuks 
divided  ell  aerosols  into  three  groups  regardless  of  their  particle 
siset  1)  dust  —  s  dispersion  aerosol  with  solid  disperse  phase  j 
2)  moke  —  a  condensation  aerosol  with  a  solid  disperse  phase}  3) 
mist  —  a  dispersion  or  condensation  aerosol  with  a  liquid  disperse 
phase* 

The  combination  of  the  above  characteristics  of  two-phase 
systems  has  results*  in  a  number  of  descriptions,  such  as  serosal, 
industrial  aerosol,  transportation  aerosol,  fly  ooka,  fly  ash,  house 
dust,  smoke,  miat,  cloud,  fog,  etc.  However,  these  are  differently 
defined  by  the  various  authors  which,  together  with  the  colloquial 
meaning  of  some  of  these  words,  leads  to  frequent  misunderstandings. 
Furthermore,  there  are  many  terms  in  the  foreign  literature  Which 
have  no  equivalents  in  Polish* 

We  shall  define  a  dust  as  a  solid-gas  two-component  system 
if  the  degree  of  disintegration  of  the  solid  component  is  so  great 
that  its  particle*  will  settls  at  a  uniform  rate  after  a  brief  peri¬ 
od  of  acceleration  as  a  result  of  flow  resistance,  or  be  subject  to 
the  Brownian  motion  in  still  air  and  under  NTP  (760  no  Hg  and  20°C) 
if  subject  only  to  the  force  of  gravity. 
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Table  1,3  (continued) 

in  the  Definition  Granule  (droplet  else  range 


r 


Table  1,4 


Particle  siae  rang*  of  aerosols 


Nam*  according 

Typo  of  aerosol 

Particle  or  droplet  else 

to  tha  adopted 
classification 

in>i. 

Kista  and 

Rain  drops 

5000-500 

fogs 

Hist  H20 

500-40 

Fog  H2O 

40-1 

H5SO4  mist 

363  mist 

10-1 

3-0.5 

^ohanical 

Foundry  sand 

2000-200 

duata 

Chemical  fsrtlUssrs 

800-30 

Flotation  tailings  ' 

400-20 

Goal  dust 

400-10 

Sifted  foundry  sand 

200-4 

Ore  before  f/*  tat  ion 

200-4 

C  ament 

150-10 

Fly-ash 

80-3 

Pigments 

8—1 

Pollen 

60-20 

Spores 

30-10 

Bacteria 

15-1 

Colloidal 

Fuel  oil  combustion 

dlaparslon 

products 

1-0.03 

dusts 

Rosin  combustion  prod. 
Tobacco  combustion 

1-0.01 

products 

0.15— 0.01 

Coal  combustion  pro¬ 
ducts  (soot) 

0.2-0.01 

Colloidal 

Oxidation  of  bases 

2-0.1 

condensation 

NH»CL  fur.ee 

2-0.1 

dusts 

Zifts  oxides 

0.3-0.03 
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The 
introduced 


present  work  makes  use  of  the  classification  of  duet* 
by  J.  Jude  (0.13)  and  shown  in  Fig,  1,1. 


The  feet  that  the  particle «  exhibit  the  Brownian  notion  hae 
been  taken  ae  the  baeis  for  dividing  duets  into  neohanloelTy  or  col¬ 
loidally  disintegrated,  and  a  diaaeter  of  1  u  has  been  arbitrarily 
ehoeen  ae  the  Uniting  particle  sise.  The  additional  division  into 
dispersion  and  condensation  dusts  has  been  introduced  only  for  col¬ 
loidal  dusts  sines,  as  a  rule,  condensation  dusts  are  not  present 
in  the  particle  else  range  of  mechanically  disintegrated  particulates.. 


The  definition  of  mist  or  fog  is  similar  to  that  of  duet,  with 
the  difference  that  it  la  a  liquid-gas,  two-component  system. 

In  order  to  facilitate  the  reader's  use  of  the  foreign  litera¬ 
ture,  and  to  introduce  a  degree  of  the  unity  into  the  data  obtained 
by  the  present  authors  from  foreign  sources.  Table  1,3  presents  the 
term*  for  various  typos  of  duts  and  mists.  Among  those  used  in  the 
foreign  literature,  the  testae  "fume",  "fog*1  end  "snog"  have  no  equiv¬ 
alents  In  Polish.  The  first  two  can  be  included  in  the  proposed  sys¬ 
tematisation  fairly  easily.  The  term  "smog"  arose  in  Bhgland  end  waa 
adopted  in  the  United  States  specifically  to  describe  phenomena 
arising  In  London  end  Los  Angeles  where  a  potent  fog  containing  a 
high  concentration  of  solid  pollutants  and  toxic  gaeee,  especially 
the  sulfur  compounds,  is  formed  as  e  result  of  inversion  (see  Chap¬ 
ter  V). 


2h  a  com  cases,  where  the  description  given  ia  general  in 
nature,  continued  use  will  be  made  of  the  term  "smoke"  in  the  gen¬ 
eral  sense  of  colloidal  or  condensation  dispersion  dust  (soot) 
formed  in  the  proeees  of  fuel  combustion.  The  dispersion  medium  in 
this  oase  consists  of  the  gaseous  products  of  combustion. 

As  an  illustration  of  the  sise  range  of  the  individual  types 
of  two-phase  systems  encountered  in  seienoe  and  technology.  Table  Z, 
4  gives  their  limiting  granule  (droplet)  elses  according  to  M.  Kata 
(0.1A). 


L.  Characteristic  parameters  of  atmospheric  pollutants 

The  basic  parameter  characterising  a  given  impurity  is  its 
concentration  3,  i.e.,  the  ratio  of  the  amount  of  impurity  to  that 
of  the  airt 

S  eewsldned  M  nn-lmmirliv 

amount  of  air 


The  units  in  which  the  pollutant  concentrations  are  expressed 
will  be  those  u$ed  to  express  the  amounts  of  the  glean  component  per 
j  unit  amount  of  pure  air.  j 


In 


the  cam  of  duets,  the  pollutant  concentration  ie  expreeeeSTj 


Depending  on  the  measuring  instrument  used  and  the  aim  of  the 
measurement,  the  dust,  concentration  can  be  expressed  as: 


1*  The  number  of  particles  of  the  disperse  phase  per  unit 
volume  of  air  (unit  symbol  2/cm3); 


2,  The  weight  of  the  disperse  phase  oarticlee  per  unit  volume 
of  air  (unit  symbols  gftteJ,  g/mP,  *g/m3,  jjg/a3). 

Sines  the  dust  concentration  in  the  air  varies  sharply  with 
time,  the  inaax  of  dust  concentration  over  long  periods  of  time  is 
frequently  measured  in  terms  of  dust  fallout  Op.  which  is  defined  as 
follows s 


Op  is  the  amount  of  duet  settling  on ^ unit  area  in  unit  time, 
e.g. :  s/62  per  day,  kg/a  per  month,  or  T/kms  per  year. 

Hie  relationship  between  these  units  is  shown  in  Table  I,5« 

Table  1,5 

Relationship  between  duet  seiimentation  units  Op 

S 


(P  Jednostks 
G/m*  t  dried® 

i 

‘  kG/s  i  mice® 
i  T/km*  i 


<S> 

G/m*  i  dried 


1 

0,333 

0,278  •  NT* 


kG/a  i 

3 

1 

0,833  •  10* 


- 

T/km*  i  rok 


3,6-10* 

1,2-10* 

1 


legend:  1*  Unit;  2*  Day;  3*  Konth;  4*  Tear, 

The  concentration  of  gaseous  pollutants  is  usually  expressed 
as  the  ratio  of  the  amount  of  the  component  considered  to  be  a  pol¬ 
lutant  to  ths  volume  of  air.  In  view  of  the  rather  small  volumes  of 
pollutants  ueualiy  involved,  the  concentration  of  gaseous  pollutants 
is  expressed  as 


1  Therefore,  th«  units  are  either  cai3/m3  or  am3/m3,  Sine*  the  ! 

ratio  of  o&3  to  m3  is  one  millionth,  end  that  of  m3  to  w3  one  milli¬ 
ardth,  use  is  made  in  foreign  literature  of  the  abbreviations  ppm 
(parts  per  million)  and  ppcm  (parte  per  milliard)*  the  concentration 
of  caseous  pollutants  ean  be  expressed  in  a  manner  similar  to  that 
used  in  the  ease  of  solid  pollutants * 


The  symbols  then  have  the  fora:  mg/m3,  nf/a3,  or  ag/dom3. 
Taking  into  aocount  the  deneitlee  of  the  individual  gases,  me  obtain 
the  relatlonahipe  between  the  eoneentratlone  expressed  in  different 
unite,  ae  shown  in  Table  1,6. 


Table  1,6 


Relationship  between  gaseous  pollutant  units 


Tjrpe  of  S«s 

Specific 

gravity 

(nan#  end  fozuula) 

Ammonia  HNh 

0.7714 

Hydrogen  Chloride 

1.6391 

HC1 

Nitric  oxide  NOu 
Sulfur  diocdde  SQt 

1*446 

2.927 

Carbon  diofldde  COg 

1.9766 

Hydrogen  fluoride 

0.987 

HP 

Nitrous  oacide  NO 

1*226 

Carbon  monoxide  CO 

1.25 

Concentration 

1  on3/m  -  1  ppm 

Concentration  of 
1  qg/m3  corres¬ 
ponds  to  the  mom 
bar  of  om3/a3  - 

correspond#  to 
ths  number  of 

m*A 3 

-  1  ppm 

0.77 

1*30 

1.64 

0.61 

1.45 

0*66 

2.93 

0.34 

1*96 

0*50 

0.99 

1.02 

1*23 

0.81 

1.25 

0.8 

_  is  the  amount  of  pollutants  formed  in 
the  oourse  of  technological  processes  which  ic  carried  from  the 
source  to  the  purification  installations. 


U  ia  the  amount  of  pollutants  carried  from  the  source  of  form¬ 
ation,  in  kg/hr,  ton/hr,  kg/ton  of  production,  percent  of  production, 
or  m3/hr,  er  m3/ton  of  production* 


*  also  conveyance  or  transport. 
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Emission  £  is  th«  amount  of  pollutants  emitted  Into 
tbs  atmosphere  after  passage  through  the  purification 
installation. 

£  is  the  amount  of  pollutants  emitted  into  the 
atmosphere  in  kg/hr,  ton/hr  and  kg/ton  of  production,  percent 
of  production  or  m3  Air,  m3/  ton  of  production. 


pf.  Characteristic  air  pollutants  — j 

Tha  number  of  pollutants  which  can  be  present  In  the  air  it  ’ 
art  rase  ly  large,  The  Standard  Specifications  dealing  with  th#  maxima 
permissible  concentrations  of  gaseous  pollutants  in  plaosa  of  work 
comprise  241  positions,  while  the  dust  and  mist  pollutants  occupy 
lc4  positions*  Obviously,  all  tha  pollutants  gsnsrated  in  places  of 
work  can  bo  eaittsd  into  the  atmosphsre* 


For  technical  and  organisational  reasons.  and  because  of  tha 
limited  range  and  sensitivity  of  tha  measuring  Instruments,  it  is 
impossible  to  conduct  systematic  measurements  of  the  concentrations 
of  all  the  pollutants*  Therefore,  it  vaa  necessary  to  limit  the 
soopa  of  measurements  to  those  pollutants  which  are  commonly  present 
in  industrial  regions,  and  which  are  encountered  in  sufficiently 
great  concentration a  to  enable  them  to  be  measured  accurately*  These 
pollutants  received  the  name  of  characteristic  air  pollutant^. 


Among  the  ohar&cteristio  pollutants  we  include  dusts,  and 
the  oxides  of  carbon  and  sulfur,  tha  oxides  of  nitrogen  and  5,4- 
benzpyrene  having  been  added  in  recent  years*  Constant  and  systema¬ 
tic  measurements  of  these  pollutants  arc  being  done  throughout  the 
world.  Of  course,  in  the  individual  eases  these  measurements  are 
extended  to  cover  other  pollutants,  especially  in  the  neighborhood 
of  plants  emitting  particularly  toxic  substances  such  as  CSg. 

Scission  of  duets  Into  the  atmosphere  is  inextricably  tied 
with  industrial  processes.  For  this  reason,  both  the  concentration 
and  sedimentation  of  duets  are  very  characteristic  parameters  of 
atmospheric  point  ion.  The  chsmical  and  mineralogies!  composition  of 
powders  iadsteminod  in  addition  to  the  measurement  of  their  con¬ 
centration. 


The  oxides  of  carbon  are  among  the  most  common  air  contamin¬ 
ants* 

In  accordance  with  the  proceeding  definition,  carbon  dioxide 
Cpj  is  considered  to  be  a  pollutant  when  its  concentration  exceeds 
the  value  of  300  cia3/m3  of  air*  COp  is  produced  in  all  combustion 
processes,  and  the.  amount  of  COj  produced  in  1951  as  &  result  of 
fuel  combustion  to  generate  energy  is  estimated  at  7  x  1X>9  tons. 

The  concentration  of  COj  in  industrial  districts  is  frequently 
s-r  cater  than  600  oa3/m3. 

Carbon  dioxide  is  not  toxLc,  Mid  its  concentration  in  the  air 
is  not  controlled  by  any  regulations  (apart  from  the  general  hy- 
gienic  ccrsid orations),  but  the  results  of  the  measurement  of  its 
concentration  in  the  air  contain  infomstion  about  the  general  state 
of  atmospheric  pollution.  This  ie  due  to  the'  following  reasons: 


r 


1*  Zh  all  industrial  proeHMi,  enleaion  of  OQ2  is 
the  art  salon  of  other  pollutants,  usually  in  knoMu  proportions; 


2«  Carbon  dioxide  ia  heavier  than  air,  and  la  therefore  more 
difficult  to  diaparaa  ia  tha  atao^&ere; 

3*  Quantitatively,  CQ2  holds  tha  first  plaoa  among  tha  ocn- 
tmsiaants  emitted  into  tha  atmosphere; 


4*  Tha  ecnoantratiana  of  00s  la  tha  *ir  ara  so  great,  that  it 
ia  possible  to  measure  than  with  considerable  accuracy* 


Far  thasa  raaaoaa,  tha  COj  cent ant  In  tha  air  ean  be  regarded 
aa  a  relative  caesura  of  tha  degree  of  air  pollution* 


Carbon  acnoacide  CO  ia  tha  product  of  incanplete  oaabuetion, 
and  aoocapaales  all  tha  0 animation  procaaaea  to  a  greater  or  leaaer 
degree*  It  la  strongly  toaie,  but  ia  vie*  of  its  specific  gravity  of 
1*25  kg/*3  (a  relative  density  of  0*9669)  it  rapidly  disperses  in  the 
ataoaphere*  Tha  eonoentration  of  00  in  industrial  centers  and  largo 
cities  nay  exceed  55  cm3/k3« 

Aa  a  rule,  all  fuels  contain  sulfur  or  its  ctmpound*  which 
yield  ap2  in  the  course  of  eoSbustion  (sulfurous  acid  anhydride,  o 
gaa  having  a  specific  gravity  of  2*9263  kg/a?,  and  o  relative  dan- 
aity  of  2*2635)*  It  la  vary  toode,  aad  di  spare  aa  slowly  ia  tha  at- 
noaphara*  Sulfur  dioedda  ean  becona  ooddiaed  in  tha  air  to  sulfur 
trlcodde  SO3  (sulfuric  acid  anhydride),  which  yields  sulfurio  aold 
•  oa  raaotiag  with  atmospheric  noietura.  In  tha  air,  sulfuric  aold. 

foraa  a  aist  whoa#  droplets  combine  with  droplets  of  eater  and  settle 
■  an  tha  aurfaea  of  solid  particles.  Tha  concentration  of  sulfurio 
add*  J*  industrial  areas  a ay  exceed  10  om3/*3. 

At  high  temperatures  present  la  combustion  prooeesee,  atmos¬ 
pheric  nitrogen  is  coddiBad  to  nitrous  ooddet  Hfc  4  02.  *  2210*  At 
lower  tanparaturas,  nitrous  oodda  oonverte  to  nitric  oxide  in  accor¬ 
dance  with  tha  equation t  280  <♦  Oj  •  2  UOj.,  and  ia  usually  emitted 
into  tha  atmoaphara  ia  this  f one*  Tha  concentration  of  NOj  ia  cam- 
buaticn  fumes  m y  roach  from  100  to  1,500  ng/c*3* 


Kitrie  adds  Is  strongly  tcode,  end  is  eonsidared  to  be  one 
of  tha  reasons  for  tha  Los  Angelas  smog*  For  this  reason,  it  is 
rsacmwanrlsd  ia  the  Halted  States  to  eoueider  it  so  a  characteristic 
pollutant  (0.14)* 


U 


Snail  aeounta  of  aromatic  hydrocarbons,  and  especially  3,4- 
bens  pyrene,  ara  produced  ia  the  process  of  ocssbusticn.  the  latter  is 
in  tha  form  of  colloidal  crystals  which  ara  usually  adsorbed  on 


■—i  i 
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other  dims.  This  compound  has  bean  regarved  in  recent,  year#  ae  one 
of  carcinogens.  Although  there  is  still  no  exact  evidence  to  »hovr 
that  the  concentrations  of  3, 4-benzpyrene  presently  encountered  in 
the  atmosphere  can  causa  lung  cancer  in  humane*  there  is  a  high  de¬ 
gree  of  probability  that  it  is  so.  For  this  reason,  the  eystefaatic 
measurements  also  include  3,4-benzpyrenf.  Its  concentrations  in  in¬ 
dustrial  district®  may  exceed  0.40  ug/m3* 


In  addition  to  research  into  the  pollution  of  the  atmosphere 
with  dusts  and  gases,  systematic  measurements  of  radioactivity  in 
the  atmosphere  have  recently  been  instituted,  including  the  total 
level  of  radioactivity,  ns  well  as  pollution  with  radioactive  dusts* 
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1.  Systematic  classification  odP  the  sources  of  atmospharlo 

poliutanta~ 


The  sourest  of  etaoepherio  pollutants  are  eztrmnely  numerous 
and  varied*  Generally,  they  can  be  divided  into  natural  sources  in¬ 
herent  in  the  activity  of  nature,  and  artificial  sources  resulting 
from  the  activity  of  nan* 


The  classification  of  the  seureee  of  pollutants  is  given  in 
Fig.  II,  1*  Although  the  amounts  of  pollutants  free  the  natural 
sources  ere  substantial,  they  are  not  very  significant  under  the 
conditions  prevailing  in  Poland  and,  therefore,  they  will  be  dis¬ 
cussed  only  in  general  terms* 


2.  Natural  sources  of  et»osBbsrls_  oatenl  nints 


The  main  sources  of  natural  air  pollutants  are  the  erup¬ 
tions  of  volcanoes,  forest  end  prairie  fires,  end  the  decomposi¬ 
tion  of  organic  natter. 


Ousts  originating  fron  natural  sources  are  divided  into 
three  groups!  cosmic,  inorganic  end  organic.  The  source  of  coamio 
duets  lies  in  numerous  comets  which,  upon  entering  into  the  solar 
systwo,  partly  evaporate  as  a  result  of  increased  temperature,  and 
then  solidify  forming  condensation  dusts.  The  amount  of  comaic  dust 
settling  on  the  JSarth  is  variously  estimated  to  be  between  HP  tons 
(0.1S)  and  3*7  x  10®  tons  (0.10)  per  year*  These  amounts  ere  so  email 
in  comparison  with  other  sources  of  pollutants,  that  their  influence 
on  pollution  can  be  ignored* 


Natural  inorganic  dusts  are  formed  as  a  result  of  atmospheric 
activity,  eruption  of  volcanoes,  forest  and  prairie  fires,  etc. 
Temperature  differences  between  night  and  day,  which  in  the  desert 
regions  can  amount  to  80°C,  and  the  action  of  precipitation  cause 
the  crumbling  of  the  Earth's  surface  to  the  point  of  very  fine  duets. 
These  dusts  are  born#  upwards  by  the  winds  and  carried  over  long  dis¬ 
tances  from  their  plaoes  of  origin.  For  instance,  the  settling  of 
the  Sahara  dust  causes  considerable  damage  in'  Sicily,  and  is  observed 
|  43  far  awey  as  the  Azores*  According  to  W.  Rupp  (o.lA)  the  amount  ofj 
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dust  produced  as  the  reault  of  atmosphere  o  action  In  tha  USA  alone  I 
ia  30  x  106  tone  yearly.  It  follows  from  the  data  for  the  USA  that 
the  total  pollution  of  air  by  natural  inorganic  duats  near  be  even 
greater  than  that  oauaed  by  artificial  dusts* 

Xhe  formation  of  natural  duets  represents  a  danger  not  only 
because  of  atmospheric  pollution,  but  it  can  also  cause  deteriora¬ 
tion  of  large  areas  of  tillable  lend  whose  upper  layers  are  blown 
by  the  winds  into  the  atmosphere.  However,  measures  aimed  at  pre¬ 
venting  these  losses  enter  the  scope  of  land  improvement  planning 
(planting  of  protective  woodland  belts,  irrigation,  etc*)* 

fixa«|pti<nally  large  amounts  of  dust  are  fomed  in  volcanic 
eruptions.  As  a  result  of  the  eruption  of  Krakatau  in  1333,  a  sur¬ 
face  area  equal  to  32?,000  lon2  was  covered  with  a  layer  of  dust 
60  m  thick*  Fine  dust  from  this  eruption  floated  in  the  atmosphere 
for  a  number  of  years  following  the  event*  Also  of  volcanic  origin 
was  the  substantial  dust  sedimentation  recorded  in  1909  in  Central 
and  Southern  Europe.  The  amount  settling  over  Italy  was  estimated 
at  141  x  1C3  tone,  while  that  settling  over  Austria  was  estimated 
at  375  x  103  tens*  How  fast  end  far  the  volcanic  dust  can  spread 
is  illustrated  by  an  oocurrenoe  described  by  G.  H.  Bull  and  0.  G. 

James  (11,4).  Ch  3  April  1956  an  aerial  patrol  reported  a  duet 
cloud  15  kilometers  above  south-west  Sn^x&nd.  It  was  shown  that  the 
duat  originated  in  a  volcanic  eruption  in  Kamchatka  on  30  March  1956. 

The  amounts  of  dust  formed  in  major  volcanic  eruptions  are 
estimated  as  follows!  Tur.bors  (1325) —  150  x  109  tone,  Ccseguina 
in  Nicaragua  (1335)—  50  x  109  tens,  Krakatau  (1383)—  13  x  lf)9 
tons,  Katairl  in  Alaska  (1912)—  20  x  10'  tons  (O.IO).  While  the 
dust  clouds  resulting  from  the  eruptions  of  Vesuvius  reached  a 
height  of  only  1,000  m,  the  cloud  formed  during  the  eruption  of 
Krakatau  rose  to  a  height  of  50  kilometers* 

Squally  large  amounts  of  dust  are  fomed  by  forest  fires* 

After  a  forest  fire  around  Lake  Michigan,  dust  fallout  from  this 
fire  was  observed  in  Africa. 

Sea  stoma  are  also  a  source  of  dust  pollutants*  After  a 
violent  atom  off  the  shores  of  England  on  22  December  1394  (0*10), 
lands  situated  between  60  and  70  miles  from  the  coastline  were 
covered  with  a  visible  layer  of  salt*  The  presence  of  salt  parti¬ 
cles  in  the  air  is  observed  up  to  1,000  kilometers  from  the  sea 
coast,  but  their  number  does  not  exceed  one  or  two  per  cubic  centi¬ 
meter  of  air* 


Part  of  the  airborne  dust  is  of  organic  origin.  By  analogy 
with  sea  plankton,  W.  Feet  proposes  to  call  it  aeropiankton  (0.10). 

|  This  consists  of  living  organisms  (bacteria),  as  well  as  organic  j 
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duet  consisting  of  pollen  and  sports. 


Particularly  lares  concentrations  of  bacteria  are  observed  In 
large  cities.  Thus  in  Paris  the  air  contains  4,790  bacteria  per  cubic 
aster,  as  against  345  bacteria  per  cubic  aeter  in  rural  districts* 

3pores  are  lifted  into  the  air  very  easily,  and  they  remain 
there  for  long  periods  of  tine*  Their  presence  is  detseted  at  alti¬ 
tudes  up  to  6,000  meters,  and  they  can  be  'come  by  winds  over  dis¬ 
tances  of  several  hundred  kilometers,  w.  A,  Rupp  (0*14)  estimates 
the  amount  of  vegetable  dusts  in  the  USA  at  106  tons  annually*  2h 
some  areas  the  pollution  of  air  by  pollen  dusts  is  so  great  that 
transportation  difficulties  are  encountered  on  this  account.  In  the 
forest  districts  of  British  Columbia  electrlo  locomotives  and  motor 
vehicles  are  damaged  because  of  it. 

It  is  considerably  more  difficult  to  estimate  the  amount  of 
gasoous  pollutants  emitted  by  natural  sources* 

Volcanic  eruptions  are  accompanied  fay  the  evolution  of  SO2,  , 
KC1,  HF  and  HcS.  Electric  dischargee  in  the  atmosphere  cause  the 
formation  of  MO^and  osone  (O3).  CO2  is  evolved  in  forest  and  prairie 
fires,  end  by  animal  organisms*  Kan  uses  about  ID  m’  of  air  daily, 
evolving  0*4  m3  of  CO£«  Given  the  total  world  population  of  3  x  109, 
this  yields  8,7  x  106  tons  of  CO2  per  year, 

3.  Sources  of  artificial  atmospheric  pollutants 

3.1,  Combustion  of  fuel* 

The  following  main  types  of  pollutants  a re  formed  in  the 
oouree  of  solid  fuel  oembustien:  dust,  CO2,  CO,  SOg,  and  oxides  of 
nitrogen*  Other  pollutants  may  be  present  in  small  amounts. 

Li  addition  to  the  combustible  components  (carbon,  hydrogen 
and  sulfur),  solid  fuels  contain  incombustible  mineral  components 
which  are  defined  as  the  ash  content  in  the  description  of  fuels* 

Depending  on  the  conditions  of  combustion,  the  mineral  com¬ 
ponents  of  solid  fuel  can  form  either  clinker  or  fly  ash.  In  the  case 
of  incomplete  combustion,  the  dust  may  contain  coal  particles*  Mech¬ 
anically  disintegrated  dusts  can  be  further  partly  sub-divided  to 
form  colloidal  smokes* 

As  e  result  of  hi#  temperatures  generated  in  oombustlon 
chambers,  the  mineral  components  of  solid  fusls  are  partly  . vaporized 
and  sublimated.  The  resultant  products  are  oArried  up  by  flue  gaees, 
and  condense  when  the  temperatures  drop  to  form  fumes*  Of  similar 
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character  is  the  soot  which  is  formed  in  ths  course  of  decomposition 
of  high  molecular  weight  hydrocarbon*  and  ths  subsequent  condensation 
of  carbon* 


The  amount  of  dust  carried  into  the  atmosphere  with  the  flue 
gases  as  a  consequence  of  the  combustion  of  fuels  depends  on 
the  following  fee  torsi 

1*  The  type  of  fuel  —  its  particle  else,  ash  o  on  tent,  fusi¬ 
bility,  volatile  natter  content,  etc*; 

2.  Conditions  of  combustion  —  the  type  of  stoker,  volume  of 
the  oonkustion  oheaber,  excess  of  air,  the  means  of  removing  clinker, 
etc*; 


3*  The  effectiveness  of  dust  filtsrs* 

In  order  to  describe  and  characterise  dusts  smltted  into  the 
atmosphsre,  it  is  necessary,  first  of  all,  to  determine  the  amount 
and  characteristics  of  the  dust  removed  from  the  flue  gases.  The 
choice  of  the  filtering  device  is  determined  by  the  pertlole  else 
characteristics  of  the  duet  to  be  removed,  namely,  the  weight  per¬ 
centage  of  the  various  alee  fractions  of  duet  particles.  The  pow¬ 
dered  fuel  burners  now  commonly  used  in  energy  generation  increase 
the  .heat  efficiency  and  boiler  output,  but  the  duet  concentration  of 
the  filter  inlet  in  these  burners  is  several  tinea  higher  than  that 
of  meohanicai  or  fixed  stokers.  Table  IX,  1  (11,20)  shows  the  inlet 
duet  concentration  in  the  various  types  of  burner.  -Furthermore,  dust 
containing  a  higher  proportion  of  fine  particle  fraction  is  produced 
in  pulverised  coal  burners. 

As  is  seen  from  Fig.  11,2,  which  is  baaed  on  the  7DI  data, 
(0.21)  the  stoker  burners  product  about  15?  of  particles  less  than 
10  jx  in  diameter,  while  the  dust  generated  in  the  pulverised  coal 
burners  contains  about  50?  of  this  fraction,  and  the  amount  can  go 
as  high  as  SO?.  Naturally,  this  places  greeter  and  mors  exacting 
demands  on  the  dust  removal  systems. 


Knowing  the  value  of  U  and  the  effectiveness  of  the  filtra¬ 
tion  equipment  q ,  the  emission  of  dust  oan  be  found  from  the  follo¬ 
wing  relationship t 

E  *  U  (1  -  ij) 


Ths  filtration  technology  has  made  such  rapid  strides  in 
re  omit  years,  that  a  reduction  of  dust  emission  from  large  thermal 
generating  plants  to  a  minimus  is  quite  feasible  and  actually  at¬ 
tainable.  On  the  basis  of  studies  carried  out  in  1947  by  the  Air 
|  Pollution  and  Smoke  Prevention  Association  of  America  (SPAA),  the 
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Table  11,1 


Amount  of  duet  carried  in  the  flue-gases  from  various  types 

of  burner 


Type  of  burner  Amount  of  dust  carried 

by  the  flue-gases,  as 
percentage  of  the  ash 
content  of  the  fuel 

10-20* 

'  20-30* 

55-70* 

80-90* 


Fixed  stoker 

Mechanical  stoker 

Powdered  fuel  burners  with 

fluid  slag  reeioval 

Powdered  fuel  burners  with  solid 

slag  removal 


f-  U(l-i?) 


a)  l) 


Qj)  M imviiarm,*  @  WHrtiam.fi 

W«.  11,2*  Particulate  analysis  spectra  of  dusts:  a)  from 
stoker  burners;  b)  from  coal  dust  burners. 

legends  1.  Besidus,  in  *;  2.  Sedimentation  rate,  in  co/sec*; 

3.  Particle  sise,  in  p. 

L  J 


*2 


rm  *  — 

!  maximum  permissible  dust  emission  values  for  power  generating  stationJ 
have  bean  proposed  in  1950  (H.15).  These  are  shown  In  Table  11,2. 

They  correspond  to  dust  concentrations  in  flue  gases  emitted  into  the 
atmosphere  from  0.5  to  0.15  g/&3,  or  from  4  to  9  g/kWh  of  generated 
electric  power.  This  means  a  nearly  ten-fold  reduction  of  the  formerly 
permissible  emission  which  was  aat  at  1.73  g/m3  by  the  previously 
binding  regulations. 


According  to  the  data  of  L.  Dietrich  (ZI.9)  compiled  on  the 
basla  of  studies  carried  out  in  West  Germany  in  1952,  energy,  genera¬ 
tion  produced  372  x  109  Nm3  of  flue  gases  carrying  7.3  x  ICr  tons  of 
dust  annually.  Dust  emission  amounted  to  1.43  x  10°  tons  per  year, 
which  means  that  the  average  dust  concentration  in  flue  gases  emit¬ 
ted  into  the  atmosphere  was  3*9  g/Na3,  or  about  24  grams  per  kWh  of 
power  generated,  and  the  mean  efficiency  of  the  filtration  equipment 
was  about  82%, 


However,  it  follcars  from  the  reports  presented  at  the  Premier 
CongrSs  National  pour  la  prevention  de  la  pollution  atmoephArique 
held  in  Paris  in  November  I960,  that  whereas  the  filtration  equip¬ 
ment  efficiency  was  962  in  1950,  the  equipment  manufactured  in  I960 
was  992  effective  (11.29). 


Table  11,2 

Degree  of  air  pollution  by  dust  generated  by  American  power  stations 

Amount  of  dust  emitted 


Generation  of  steam  into  the  atmosphere 

in  tons  per  hour* 


in  kg/hr 

in  kg/ton  of 

steam 

4,5 

10 

2,2 

27 

60 

2,2 

68 

130 

1,9 

91 

150 

i  1,65 

136 

190 

;  M 

227 

250 

1.1 

363 

320 

0,9 

907 

725 

0,8 

1360 

1  1090 

|  0,8 

1815 

*  by  all  boilers  discharging  into 

1450 

one  stack. 

i  O’8 

As  a  result  of  such  a  significant  increase  in  the  effective- 
,  ness  of  filtration  equipment,  the  average  emission  of  dust  by  thermal 
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power  generating  stations  in  True*  in  1959  amounted  to  a  mm  6*8 
iAWh  of  power  generated  (11,28),  which  it  within  the  Haiti  pro posed 
by  tha  SPAA* 


However,  only  tha  filtration  equipment  installed  in  large 
themal  power  generating  stations  is  so  impressively  affective*  Tha 
emission  of  dust  accompanying  tha  combustion  of  solid  fuel  in  other 
branches  of  industry  is  considerably  greater*  W*  L*  Faith  (0*9)  lists 
dust  emission  depending  on  the  typo  of  burner  used  (Table  11,3).  The 
figures  quoted  ere  in  agreement  with  those  given  in  a  preceding 
Table  since  the  effectiveness  of  tha  filtration  equipment  on  domes¬ 
tic  hearths  and  railways  equals  zero,  and  emission  la  equal  to  gen¬ 
eration* 


Table  11,3 

Dust  emission  from  various  types  of  combustion  equipment 


Combustion  equipment 

Fuel 

Scission  per  kilogram 
of  fuel 

Post  con¬ 
centration 
in  s/m3 

Domestic  hearths 

Coal 

26 

2.6 

Industrial  furnaces 

M 

12 

1*2 

Railways 

M 

31 

3.1 

Garbage  incineration 

garbage 

4*3— 4*5 

0.43-0*45 

Open  air  combustion 

refuse 

11 

1*1 

Using  the  available  date  as  the  basis,  we  oan  estimate  the 
amount  of  dust  emission  in  Poland  as  a  result  of  the  combustion  of 
solid  fuels*  The  estimate  will  be  based  on  the  figures  included  In 

WStotyetycgnyfetatlstioal  Year  Book)  for  I960*  The  belanoe 
or  hard  and  brown  coal  consumption  in  Poland  is  given  in 
Table  11,4* 


The  total  emission  of  dust  oan  be  estimated  either  using  the 
values  given  in  Table  11,3,  or  operating  on  the  basis  of  the  average 
ash  content  in  Polish  coals,  together  with  the  eatmated  average  dust 
generation  and  the  effectiveness  of  filtration  equipment.  The  results 
of  calculations  performed  by  the  first  method  are  given  in  Table  11,5* 
The  results  of  calculations  performed  according  to  the  second  approach 
on  the  basis  of  an  average  ash  content  are  given  in  Table  H,6* 


The  calculations  given  in  Table  11,6  have  been  made  on  the 
assumption  that  the  average  efficiency  of  industrial  dust  filters  is 
60$*  Obviously,  this  value  is  debateabls  in  view  of  the  absence  of 
any  extensive  mid  systematic  measurements*  However,  the  results  of 


|  Table  11,4  | 

The  con swaption  of  hard  coal,  brown  coal,  and  coal  1 

briquettes  In  Poland  1959 

Type  and  uat  Million  tons 


Coal 

Briquettes 

Hard  coal 

63,912 

m 

Processing:  In  coke  ovens 

13,724 

m 

In  gas  works 

1,264 

- 

In  briquetting  works 

654 

- 

In  smoldering  state 

356 

- 

Fuel:  for  heat  and  power  generation 

16,669 

- 

Used  by  the  coal  Industry 

3,060 

Railroads 

9,369 

193 

Domestic  use 

Issued  as  additional 

10,807 

477 

remuneration 

5,676 

1 

Brown  coal 

3,464 

- 

Processed  in  briquette  factorise 

608 

- 

Fuel:  For  heat  and  power  generation 

2,019 

- 

Used  by  the  coal  industry 

216 

- 

Railways 

- 

2 

Domestic  use 

274 

1,472 

Additional  remuneration 

5 

33 

Table  11,5 

Estimated  duet  sol  salon  resulting  from  combustion  of 
hard  coal,  brown  coal,  briquettes  and  coke  1959 


Mode  of  combustion 


Industrial  furnaces 
Domestic  hearths  end 
minor  induatrioe 
Railways 


Annuel  consump¬ 

Emission  in 

Total 

tion  in  tons 

kg/ton 

frisslon 
in  tons/ 

year 

22.9  .  10& 

12 

3.5  .  105 

19.5  •  30“ 

26 

5.0  .  105 

9.6  .  106 

31 

3.0  .  105 

Total 

11.5  .  105 

25 


i 
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Table  11,6 


Estimated  inlet  concentration  and  emission  of  duets 
£rm  various  types  of  solid  fuel  in  Poland  in  1959 
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legend?  1*  Fuel;  2.  Where  3.  Annual  fuel  consumption, 

in  tonai  4,  Ash  content  of  tho  fuel  u,  in  %\  5.  Dust  concentration 
at  filter  inlet,  in  %  pj  6*  Dust  concentration  filter  inlet,  ii  tons 
per  year;  ?•  Duet  eadoaior,  ir  ton?  per  year;  8.  Hard  and  brown  coals 
9c  Power  generation,  coal  industry,  railways,  doiaestic  hearths*  3D. 
Brown  coal  and  briquettes;  3J,«  Power  generation,  coal  mining  industry, 
domestic  hearths;  12.  Coke;  13,  Space-heating  wui  rd nor  industries; 

14.  Total* 


tho  measurements  of  grit  lV'l-out  :vn  industrial  areas  presented  be¬ 
low  suggest  that  the  average  efficiency  of  the  filtering  equipment 
industry  accepted  above  is  on  the  high  tado.  Cn  the  other  hand. 
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H  oan  be  stated  with  full  confidence  that  the  eedseicc  of  du«t  in 
Poland  caused  by  tho  c  animation  of  solid  fuel  1*  greeter  than  11  x 
tone  per  year,  since  the  values  aooepted  on  the  heals  of  the  Jmtriom 
experlenoe  are  too  low  for  our  conditions* 


The  burning  of  solid  fuel  Is  also  one  of  the  nost  substantial 
sources  of  gas  and  tvm  pollution.  Table  11,7  liras  the  average  ooxpo- 
•itlcn  of  fine-gases  aoeerding  to  Wilke  (2*37). 


Table  2,7 


ih  caloulating  the  anount  of  carbon  oxides  enitted,  it  can 
be  asTil  that  between  90  and  9M  of  the  carbon  contained  in  the  fuel 
is  —*<*<—*  to  00b,  the  reminder  being  converted  inter  00*  Between  7$ 
tad  80  percent  of  the  sulfur  present  in  solid  fuel  la  oxidised  to 
•ulfur  oxides,  nainiy  30*.  This  results  in  an  SO*  content  in  fine-fas 
of  about  600  on3/fa3,  or  1720  ag/a3.  Sulfur  trioxide  SO3  la  flue-gas 
mounts  to  between  one  end  two  percent  of  the  302  oonteot* 


According  to  American  data  (2*45),  (2.3)  oxides  of 
nitrogen  are  foxned  at  the  hi*  tenperafeares  enoountered  in  furnaces. 
These  ere  enitted  into  the  atanephere,  nslnly  in  the  form  of  The 
PO*  oontent  in  flue-gases  depends  on  the  conditions  of  ocnbuotlon. 


niMj 


~vz_* l 


'n 


with  tho  tenperature  of  the  furasoe.  Fine  ■gases  tvm  power  generating 
•nd  industrial  sources  contain,  on  the  average,  between  300  end  500 
j  ag/Ss3  of  W02,  or  between  three  end  five  kilogram  of  Hfe  per  too  of^j 
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Gi  burned. 


It  can  be  accepted  with  a  degree  of  accuracy  that  all  of  the 
gaseous  pollutants  formed  in  the  process  of  combustion  are  emitted  into 
the  atmosphere. 


In  order  to  facilitate  calculations,  Table  11,6  lists  the  am¬ 
ounts  of  COj  and  CO  emitted  into  the  atmosphere  per  ton  burned  depen¬ 
ding  on  the  carbon  content  of  the  fuel,  on  the  assumption  that  95$ 
of  carbon  is  oxidised  to  CC2.  Table  11,9  gives  the  amounts  of  SO2 
emitted  per  ton  of  coal  burned  as  a  function  of  the  sulfur  content 
of  the  fuel. 


The  average  emission  of  SO5  per  ton  of  ooal  burned  is  about 
16  kilograms  in  France  (11.28),  27  Kilograms  in  England  (II, 42),  and 
between  10  and  22  kilograms  in  '.lest  Germany  (11.30).  According  to 
Voigt  (11.36),  emission  of  302  by  power  generating  stations  go  as 
high  as.  60  kilograms  per  ton. 

Table  11,3 

Emission  of  C02  and  CO  as  a  function  of  the  carbon  content 

of  coal 
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Legendi  1.  Carbon  content  in  coal;  ?.  Mission. 

The  total  emission  of  SOg  was  estimated  at  2.5  x  10&  tons  in 
1956  in  West  Germany  (JI.32)  ,  and  5*2  x  10$  tone  in  1953  in  England 
(11.42),  while  in  Paris  alone  the  emission  is  9*3  x  10*  tors  per  year 
(11.41). 


Regardless  of  the  type  of  fuel,  combustion  products  always 
contain  some  aromatic  hydrocarbons  including  3 , 4-ben apyrene ,  whose 
structural  formula  is  shown  ir.  Fig.  11,3.  i+.s  concentrations  in  com- 
bustion  products  are  minimal,  but  it  receives  a  great  deal  of  atten¬ 
tion  because  of  its  exceptionally  harmful  properties. 

In  addition  to  solid  fuel,  the  combustion  of  liquid  and  gas¬ 
eous  fuels  also  represents  a  source  of  pollution.  Under  the  conditional 
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Table  11,9 
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Ssiaaion  of  30*  u  *  function  of  tho  sulfur  content  of 
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Legend:  1*  Sulfur  content  of  fuel,  in  H\  2 •  Scission  of  SO2, 
in  kilograms  per  ton  of  fuel. 


fig.  11,3*  Structural  formula  of  3,4-beuspyrene 

prevailing  in  Poland,  it  can  be  seamed  that  the  entire  amount  of 
liquid  fuel  consumed  is  burned  by  motor  vehicles*  /See  Note/. 

(/Rote $7  Air  pollution  caused  by  motor  vehioles  will  be 
discussed  later  in  the  present  chapter). 

Among  gaseous  fuels  used  in  Poland,  we  shall  distinguish 
lighting  gas,  natural  gas,  and  coke-oven  gas.  Since  the  lighting 
and  natural  gases  are  usually  processed  to  remove  sulfur,  the  only 
contaminant  emitted  into  the  atmosphere  in  s  complete  combustion  of 
these  gases  is  CO*.  Osseous  pollutants  are  emitted  as  a  result  of 
the  burning  of  coke-oven  gas.  According  to  foglish  data  (11.42), 
about  25  kilograms  of  50g  are  emitted  by  burning  1,000  iC  of  coke- 
-oven  gas. 


Table  XI,  10  gives  tho  total  amount  of  gaseous  pollutants 
emitted  as  a  result  of  binning  solid  and  gaseous  fuels  in  1959.  The 
values  have  been  calculated  on  the  basis  of  the  average  carbon  and 
j  sulfur  contents  of  fuels  consumed  in  Poland.  It  follows  from  the  Table | 
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'fable  II, ID 

2tal8«ion  of  gaseous  pollutant*  resulting  from  the  combus¬ 
tion  of  solid  fuel  In  1959 
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Legend.*  1.  Fuel;  2.  Annual  consumption,  in  ton s/ye &r  (or  m3/ 
year)j  3.  Averagflroarbon  content!  4*  Average  sulfur  content;  5. 
ESnieaion,  in  tona/year;  6.  !:a?d  coal  and  briquette*;  ?.  Brow,  coal 
and  briquette* j  8,  Coke'  J  9 .  Coke-over,  gas;  10.  Total, 

that  emission  of  SO2  in  Poland  is  estimated  at  about  34  kilograms  per 
ton  of  fuel. 

These  value*  are  compared  in  Table  11,11  with  the  1953  emi¬ 
ssion  of  dust  and  30$  in  England.  The  figures  are  based  on  the  re¬ 
port  presented  to  the  British  House  of  Cotnuna  in  1954  by  the  Ccnmi- 
ttee  on  Air  Pollution  (11.32). 

3.2.  Building  materials  industry 

Cement  manufacture  is  one  of  the  most  .dust-producing  industrial 
processes.  Dust  is  generated  in  the  following  manufacturing  steps, 
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Table  II,  11 

( Sales  ior*  ti  jpr.lt  And  !iC^  resulting  firm  the  ccsubuetitsn 
of  fuels  in  &agland 
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5*  Liiuddj  6,  Coko-oven  gas;  ?.  Grit;  3.  doal ;  9.  aoesestic  hearths; 
2j).  Power  "onert.  ting  station*;  11*  Railways;  12.  Industry;  1?.  Coke- 
*mai  Uv  Gas  works;  13.  Coke;  16.  3*6  works  and  industry.*  17.  u« 
quid  fuels j  IB,  Total* 

1.  msinte^ration  and  dryir ig  proeesaesj  the  grinding  or 
liasastotie,  werls,  clinker,  and  pulverised  coal  for  ccscbustion,  Ms- 
pwraicn  dust  is  produced. 

Ti-&n»portatioti,  storage  and  packaging  process**  (.dust  ). 

3*  C«d.ciniJv5  processes  « dusts  and  tsaoee). 

Seduction  of-  duet  wd esion  tsxm  eeaent  2  e-tori.es  ie  very 
diJff.irult  in  view*:  the  ntstber  of  sources  involved.  The  difficulty 
in  :;r:fipiwdetj  by  the  fact  that  dust  watted  from  ofei'eai*  kilns  ear»~ 
sirt*  swiply  of  fractions  with  particle  else  waller  than  10  », 

•Xnblf;  11,12  gives  the  0  -  10  ja  fraction  content  of  duo* a  froc  veri- 
ov.e  kilns  according  to  £.  Ruhlsnd  (11.26).  *,s  cm  l*  seen  fxm  tbs 
the  cerwroteg*  >xf  the  <  1C  >  freosticn  in  the  crade  effluent 
gf.*  (prior  to  entering  the  arrester  device;  vwdea  between  28  «na 
97*?'  This  sreatee  additions!  defends  on  the  arresting  equipaent. 
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Table  n,12 

Particulate  analysis  of  dusts  from  various  cement  kilns 


1 


0 

Typ  pieca 

! 

^ZawartoiC 
b)  siama 
o  wymiarad 
O-lOp 

% 

Szybowy  <S> 

15-28 

Leopoida  (£ 

26-45 

Gbtotowy  taokry® 

30-60 

Obiotcery  tuchyd) 

.  32-60 

FluLlyaacja  ® 

03-90,5 

Wer^i:  1*  Type  of  kiln;  2.  fraction  between  0  and  ID  jn;  3* 
Shaft;  4.  Leopold}  5.  Wet  rotory;  6*  Dry  r otory;  ?•  Fluidized  bed* 


Table  11,13 

Chemical  composition  of  the  raw  material  and  the 
emitted  dust 
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legend t  1*  Component;  2.  In  raw  material,  in  3*  In  emitted 
dust,  in  4*  Loss* 


Cn  the  other  hand,  dust  oarried  away  from  cement  kilns  consti¬ 
tutes  a  valuable  raw  material,  and  its  chemical  composition  differs 
little  from  that  of  the  kiln  charge*  Table  11,13  shows  the  chemical 
{  composition  of  the  charge  and  the  duet  carried  away  from  the  kiln  on  j 
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th#  bull  of  H.  Ihlef  eldt 1  s  data  (23.  18). 


In  view  of  the  oonaidarabla  ralua  of  tha  reolalmed  dust,  tha 
investment  In  arraatar  equipment  la  qudekly  m ortissd,  and  it  la, 
therefore,  profitabla  to  inatall  relatively  expensive  arraatar  asaeas- 
bliss* 


Tha  truth  of  this  statement  is  bast  illustratad  by  tha  raaulta 
of  atudiaa  earriad  out  in  Vfaat  Germany  and  Franco*  Studios  carriad  cut 
bgr  tha  Cement  Industry  Raaaaroh  Ihatituta  in  Vfaat  Germany  (11*26)  in 
1943  have  yialdad  tha  results  compiled  in  Table  11,14*  It  follows  from 
this  data  that  dust  transport  frea  cement  kilns  may  amount  to  50ft  of 
production,  while  dust  amission  amounts  to  no  more  than  0*36  -  8,8% 
of  production*  According  to  tha  data  of  L*  Dietrich  (II. 9),  tha  total 
dust  amission  from  German  cement  kilns  In  1952  was  only  150  m  203  tons. 

Table  11,14 


Amounts  of  dusts  emitted  from  cement  Icilns 
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legend:  1*  Type  of  kiln;  2.  Dust  concentration  at  filter 
inlet,  in  kg/ton  of  production;  3*  Dust  concentration  at  filter  in¬ 
let,  in  g/uJf  4*  Dust  concentration  In  emitted  gas,  in  g/*3;  5*  Dust 
loss,  as  percentage  of  production;  6*  Shaft;  7*  Leopold;  8.  Slurry 
rotozy,  chain  type;  9*  Rotozy  kiln  with  slurry  injection;  ID.  Dry 
rotozy  kiln. 

amounting  to  It  of  production.  In  this  case,  the  average  efficiency 
of  the  arresting  equipment  was  equal  to  92.5**  In  France,  the  total 
emission  of  dust  from  cement  factories  in  1959  was  about  100  x  10? 

**  momaat  * °  *  “* 0,w*  *.* t0U1  01  w  x  ^*3 


Production  of  oetaent  in  Poland  in  1959  amounted  to  5«3  x  10^  ' 

ton*.  The  total  wount  of  duet  generated  in  ell  stages  of  production 
gives,  at  302  of  production,  an  annuel  total  of  1.59  x  lo6  tons.  The 
amount  of  dust  emitted  must' be  considered  high  due  to  poor  efficiency 
of  arrestor  devices.  Accepting  a  cautious  estimate  of  the  arrester 
efficiency  at  802,  we  obtain  a  dust  emission  total  equal  to  42  of 
production,  or  212  x  1CP  tons/year.  It  should  be  pointed  out  that  the 
emitted  dust  may  contain  up  to  72  SO^* 

In  addition  to  dust,  cement  factories  emit  flue  gases  amounting 
to  between  3  and  4*5  lfc*3  per  kilogram  of  production.  The  average  voir* 
umetric  composition  of  these  gases  is  aa  follows  (11.12)* 

CCU . frost  6  to  302 

02 .  "  2  "152 

w2 . .  up  to  702 

In  addition  to  the  above  main  c deponents  of  cement  factory 
flue-gases,  traces  of  CO,  SO2  and  H23  are  found,  but  these  are  due 
only  to  an  incorrect  management  of  the  production  processes,  and  thus 
can  be  ignored  in  further  considerations. 

Ch  the  basis  of  the  VDI  data  (0.21),  it  can  be  accepted  that 
the  emission  of  CO^  amounts  to  between  0.45  and  0.6?  per  kilogram 
of  production.  Under  the  conditions  prevailing  in  Poland,  this  means 
that  cement  works  ana. t  2.65  *  109  of  C02. 

3.3.  The  metallurgical  Industry 

large  amounts  of  residual  dusts  are  formed  in  the  course  of 
metallurgical  processes,  and  the  preparation  and  processing  of  ores 
and  fluxes.  However,  modem  foundries  do  not  represent  a  serious 
source  of  pollutants  because  of  the  modem  dust  arrester  devices  used. 

Both  dusts  and  fumes  are  formed  in  blast  furnace  processes. 
Mechanical  and  colloidal  dusts  are  formed  in  the  upper  part  of  the 
blast  fumsce  shaft  as  e  result  of  mutual  attrition  between  particles, 
while  fumes  are  formed  in  the  hearth. 

Die  quantity  of  grit  formed  in  Ixast  furnaces  amounts  to 
between  6  end  102  of  the  charge.  Therefore,  the  particulate  matter 
concentration  varies  between  20  and  50  grams/ra-*  (up  to  200  gram s/»3 
in  exceptional  cases)  at  an  average  generation  of  between  3,000  and 
4,000  m3  of  gas  per  ton  of  pig  iron.  The  average  composition  of  the 
blast  furnace  grit  is  as  follows*  122  Si02,  52  Al202,  152  CaO,  502 
PeO  and  FsgOj,  52  CO;,,  52  C,  and  32  of  other  components* 


Thus  blast  furnace  grit  represents  a  valuable  raw  material. 


f— 

and  its  reeoveiy  la  very  profitable.  Cn  the  other  hand,  blast  furnace 
gas  contains  about  24#  CO  and  2#  Hz,  and  is  used  as  fuol  for  internal 
eonbustion  piston  and  turbine  an  sines,  for  steam  generation,  ete.  The 
utilisation  of  blast  furnace  gas  has  caused  its  permissible  particu¬ 
late  matter  content  to  be  established  at  20  mg/xn3  many  years  ago.  Its 
use  in  turbine  engines  poses  still  more  stringent  particulate  matter 
content  requirements,  limiting  the  maximum  permissible  concentration 
to  between  2  and  5  mg/m3,  or  0.08  kg/ton  of  pig  iron.  The  attainment 
of  such  low  duat  emission  values  from  blast  furnaoee  is  pots  ibis  only 
with  the  use  of  arrester  devices  with  an  afficienoy  of  99.5#. 

A  certain  amount  of  dust  is  emitted  into  the  atmosphere  either 
in  the  course  of  emptying  dust  containers,  or  through  malfunctioning 
of  the  arrester  equipment.  Therefore,  emission  into  the  atmosphere 
might  be  estimated  et  more  than  0.08  kg/ton  of  iron.  According  to 
L.  Dietrich  (11.9),  emission  of  grit  from  blast  fumacts  la  1952  in 
West  Germany  was  0.103  x  10°  tons  for  a  total  production  of  iron  am¬ 
ounting  to  12.6  x  106  tons,  which  corresponds  to  about  0.8  kilograms/ 
ten  of  production. 

In  the  USA,  the  regulations  concerning  maximum  permissible 
grit  emission  from  blast  furnaces  are  based  on  the  weight  of  charge t 
0  /  198  \ 

3  *—  10.06  *  ■'  * — )kg/hr 

100  '  0  e  450 

where  G  is  the  weight  of  the  blast  furnace  charge,  in  kg/hr. 

This  denotes  an  emission  of  0.6  -  1.3  kg/hr,  or  0.3  -  0.65 
kilograms  of  dust  per  ton  of  iron. 


As  a  rule,  modem  smelters  have  agglomeration  facilities, 
which  are  a  source  of  dust  emission.  According  to  K.  Guthnann  (11.14), 
dust  amission  from  aggloneratora  should  not  exceed  0.6 #  of  production. 
Assuming  that  the  agglcmerator  production  constitutes  about  65#  of 
ths  iron  production,  we  can  calculate  the  total  amount  of  dust  em» 
issicn  from  ag/jlamerators  and  blast  furnaces  i  0.08#  *  0.6  x  0.65#  * 

*  0.4?#  of  iron  production.  Of  course,  this  is  only  attainable  if  the 
agglcmerator  equipment  is  fully  sealed  and  effective  arrester  devices 
ere  employed. 


In  the  Martin  steel  making  process,  the  amount  of  grit  genera¬ 
ted  depends  on  the  type  of  charge.  *ainly  fumes  are  formed  in  a  liquid 
charge,  while  spray  and  fumes  are  formed  by  a  solid  charge.  It  ean 
be  accepted  that  between  four  and  six  kilograms  of  duat  are  formed  per 
ton  of  product  in  the  case  of  a  solid  charge. 


The  following  gas  and 


dust  emission  rates  can  be  taken  in  the  | 
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manufacture  of  steal 


by  various  processes  (ft.  J.  Sarjant,  (11.31))* 


Open  hearth 
Bessemer  converter 
Electric  furnace 
Crucible 


gas.  in  ItoVton 

2,800 

740 

200 

1400-2,250 


duet,  in  kg/ton 

2 

9 

4.5 

11.3 


The  average  dust  concentration  in  untreated  gases  varies  be¬ 
tween  two  and  three  grams  per  n 3,  while  the  duat  content  of  exhaust 
gas  should  not  exceed  0.5  -  1.5  g/m3.  It  is  particularly  difficult 
to  abate  grit  sals a ion  from  open-hearth  furnaces  and  Bessemer  con¬ 
verters  using  oxygen.  The  amount  of  dust  fomed  in  such  cases  shows 
a  strong  increase,  and  dust  concsntratlons  in  untreated  waste  gas  go 
up  to  35  g/«&3,  while  more  than  90$  of  dust  consists  of  the  u 
fraction. 


Given  efficiently  functioning  dust  recovery  equipment,  dust 
emission  from  steel  mills  should  not  be  greater  than  0.1  -  0.3$  of 
production. 


Measurements  were  carried  out  in  1959  of  dust  emission  from 
the  Dunkirk  metallurgical  complex  consisting  of  six  blast  furnaces 
with  a  capacity  of  2,000  tone  par  day,  six  open-hearth  furnaces  with 
a  capacity  of  125  tons  per  day,  converters,  arid,  agglomeration  facili¬ 
ties.  The  total  dust  emission  free,  the  entire  complect  did  not  exceed 
five  tone  per  day  out  of  a  total  dust  generation  of  2,000  tone  per 
day  (11.17). 


Among  gaeeoue  pollutants  produced  in  blast  furnaces,  one 
should  mention,  first  of  all,  SO*  and  CO.  The  sulfur  content  per  ton 
of  blast  furnace  charge  is  as  follows: 


Ore  and  fluxes  0.4  kg/ton 
Coke  5.3  k;Vton 

Total  6.2  kg/ton 

Sulfur  introduced  with  the  charge  is  broken  down  as  follows: 


Pig  iron  0.3  kg/ton 

Blast  furnace  slag  5*3  kg/ton 

Blast  furnace  gas  0.6  k^/’ton 

Total  6'.*  kg/ton 

32 


Thus  we  can  take  it  that  0.6  x  -r  *  1.2  kg  302  P«r  ton  of 
charge,  or  2.4  kg  SC^  per  ton  of  product emitted.  In  addition  to  SO*, 
blast  furnace  can  emit  up  to  30  kg  cf  product. 
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Therefore,  on  the  bests  of  the  average  world  data,  we  can 
estimate  the  mission  of  pollutants  by  the  iron  and  steel  industry 
as  folic  ss 

1.  Blast  furnace  (dust) 

1*  Agglomeration  (dust) 

3.  Steel  works  (dust) 

4.  Blast  furnace  (SO) 

5.  Blast  furnace  (SCtj) 

Given  the  1959  total  production  in  Poland  of  4.4  x  10^  tons 
of  pig  iron  and  6*2  x  10®  tans  of  steel,  wo  can  estimate  pollutant 
emission  as  follows: 

1.  Blast  furnaces  4.4  x  I06„x  0.0008  *  0.01377  x  10^  tons  * 

3*77  x  1&3  tons; 

2*  Agglcmerators  4.4  x  10®  x  0,65  x  0,006  *  0.0171  x  106 

tone  -  17,1  x  103  tons; 

3.  Steel  mi  lie  6.2  x  10®  x^C.003  *  0.0165  x  iO6  tons  » 

*  13.5  x  1&3  tons. 

It  follows  from  investigations  carried  out  in  the  Gomos- 
laski  Industrial  District  (Gomoslaski  Okreg  Prsenyslouy)  zander  the 
sponsorship  of  the  Polish  Acadeny  of  Sciences  (11.46)  that  the  above 
figures  represent  an  ideal  aim  which  can  be  approximated  if  the  effec¬ 
tiveness  of  dust  recovering  equipment  and  the  management  of  blast  fur¬ 
nace  gas  are  improved.  Under  the  conditions  prevailing  in  this  Indus¬ 
trial  District,  the  following  amounts  of  dust  were  emitted  during  1957 
and  1956 :  2.12*  of  production  from  blast  furnaces  and  0.6B*  of  produc¬ 
tion  from  agglomerators.  liniaslon  from  steal  mills  car.  be  accepted  to 
lie  within  the  previously  stated  limits.  Thus  wo  can  accept  the  follow¬ 
ing  figures  for  dust  emission  in  Poland: 

1,  Blast  furnaces  4.4  x  10^  x  0.0212  ■  0.093  x  10^  tons  • 

*  93  x  103  tons; 

2.  Agglorcerators  4.4  x  106  x  0.65  x  0.0088  *  0.025  x  10®  • 

*  25  x  103  tons* 


0.008  -  0,08*  of  produot 
0.4  -  0.6* 

0.3*  " 

3%  » 

0.24*  « 


When  the  steal  mills  are  Included,  the  total  emission  can  be  estimated 
at  136.5  x  103  tons  per  year.  Emission  of  CO  ear.  30j  can  be  estimated 
as  follows; 

Emission  of  CO  4.4  x  10$  x  0.03  «  0.132  x  106  «  130  x  103; 

Emission  of  S02  4.4  x  106  x  0.0024  0.0106  x  10&  *  10.6  x  id3. 

The  smelting  of  nen-ferrous  metals  represents  another  source 
of  atmospheric  pollution.  Although  these  pollutants  do  not  play  » 
substantial  role  in  the  country  as  a  whole,  they  do  have  a  decisive  1 
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[local  significance,  all  the  mere  since  the  nartiaulants  and  gases 
emitted  by  these  industries  are  exceptionally  toxic*  Prevention  of 
pollutant  omission* from  nan-ferrous  metal  smelters  is  complicated  by 
the  fact  that  thane  pollutants  are  mainly  in  the  fern  of  fumes  with 
particle  site  <1  p. 

The  following  pollutants  can  Ikj  omitted  by  the  mai-fcrrous 
metal  industries:  lead,  ainc,  copper,  cadmium,  manganese,  chromium 
and  their  compounds,  arsenic,  magnesium,  chlorine,  sulfur  oxides, 
nitrogen  oxides,  carbon  oxides,  etc*  Tne  quantitative  estimation  of 
this  emission  is  veiy  difficult,  since  it  is  dependent  both  on  the 
process,  and  on  the  type  of  arrester  equipment  u3©d* 

According  to  German  sources,  particulatd  matter  concentration 
In  the  gases  emitted  in  the  course  of  zinc  and  lead  manufacturing 
processes  varies  between  9  did  10  g/ten* 

2*4.  the  win in&  industry 

Large  amount e  of  dust  are  formed  in  the  course  of  cutting, 
transporting  and  gradi-  .  coal.  Hie  amount  of  dust  formed  in  hard  and 
bro*  cool  pines  is  estimated  at  between  four  and  six  percent  of  pro¬ 
duction*  In  folanc,  tliia  would  indicate  emission  of  some  4  to  6  x  10® 
tons  of  dust  annually* 

According  to  West  German  data  (11.9),  the  Mining  of  120  x 
10°  tons  of  hard  coal  in  19 5 f  was  accompiinied  by  the  generation  of  , 
?,loG  x  lfP  tons  of  dust,  while  the  losses  amounted  to  only  2?  x  Mr 
•  tons.  In  brown  coal  mines,  the  production  of  G3  x  10^  tons  resulted 
3n  the  fom&tion  of  3*75  x  10°  tons  of  dust,  and  a  loss  of  161*2  x 
1q3  tone* 


Since  only  insignificant  amounts  of  coal  duet  arc  emitted 
into  the  atmosphere,  coal  mines  do  not  constitute  a  significant  source 
of  atmospheric* pollution  despite  the  large  amounts  of  oust  generated. 
However,  the  mining  industry  constitutes  an  ama  where  the  dust  con¬ 
trol  and  abatement  represent  one  of  the  basic  technological,  hygienic, 
and  economic  problems. 


3*5*  the  chemical  induetry 


Cue  of  the  major  sources  of  air  pollution  is  the  chemical 
industry,  in  which  the  generation  of  particulate  matter  has  been  in¬ 
creasing  with  greet  rapidity  in  recent  years  in  connection  with  an  ever 
broadening  introduction  of  the  fluid  bed  method.  In  addition  to  parti¬ 
culate  matter,  the  chemical  plants  emit  Urge  amounts  of  strongly  toxic 
gases  and  misto,  such  as  SOg*  VQj,  K^S,  0*2 VI,  HCl,  NB3,  etc. 


In  view  of  the  large  variety  of  technological  processes  used _ j 


Table  11,15 

Salsslon  of  pollutants  in  the  San  Franoisoo  area.  In  tons  par  dajr 
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legend!  1.  Source j  2,  Type  of  pollutant;  3*  Organic;  4*  Inor¬ 
ganic;  5*  Partioulare;  6.  Saturated  hydrocarbons;  7*  Uneatur&ted  hy¬ 
drocarbons;  8.  Aldehydes;  9*  Alcohols  and  esters;  10-.  Burning;  11* 
Garbage  incineration;  12.  Combustion  of  liquid  fuels;  13.  Combustion 
of  gaseous  fuels;  14.  Total;  15 .  Metallurgical  industry;  16.  Steel 
mill 3 ;  17.  Iren  foundries;  18.  Non-ferrous  metal  foundries;  19.  Kilns, 
various  •  20.  Chemical  industry;  21.  Refineries;  22.  Miscellaneous 
cheaical;  23.  Pood  industry;  24.  Dyestuffs ;  25.  Grand  total. 
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in  tha  chemical  industry,  it  is  very  difficult  to  Bake  even  an  approxi-l 
aat«  estimate  of  the  amount  of  pollutants  emitted  Into  tha  atmosphere. 
However,  emission  from  chemical  plants  cay  constitute  the  main  source 
of  atmospheric  pollution  in  soma  areas.  As  an  illustration.  Table  11,15 
shows  the  figures  for  pollutant  amission  from  the  plants  .of  the  indivi¬ 
dual  industries  around  San  Francisco*  The  Table  shows  that  the  chemical 
industry  emitted  about  26*5$  of  the  total  amount  of  particulate  matter, 
30f  of  organic  pollutants,  29 %  of  nitrogen  ooddea,  and  4 7%  of  sulfur 
ooddss. 


The  influence  which  can  be  exert  ad  by  emission  from  chemical 
plants  on  the  local  pollution  conditions,  is  illustrated  by  some  re¬ 
sults  of  research  carried  out  in  tha  USSR*  Por  instance,  according 
to  YU,  Q*  Psl'etaann  (11.13),  the  daily  emission  from  a  rayon  fac¬ 
tory  vast  1.200  kg  of  methanol,  300  kg  methylene  chloride,  and  250  kg 
of  ethyl  alcohol.  According  to  E*  V.  Yeflimova  (11.12),  paint,  titan¬ 
ium,,  manganese,  etc.  plants  emit  up  to  15,000  kilograms  of  HCl  daily. 
According  to  R.  S.  Gildanakiold,  synthetic  fiber  factory  emits 
40,000  kilograms  of  CSj  daily. 

It  is  very  difficult  to  limit  particulate  matter  amission  in 
the  chemical  industry,  since  the  pollutants  are  usually  in  a  colloid¬ 
al  form.  In  sulfuric  sold  manufacture  by  the  contact  method,  90%  of 
the  mist  generated  consists  of  particles  less  than  1  /i,  while  the 
fraction  below  0.2  u  amounts  to  80£. 

3.6.  Motor  vehicles 

In  view  of  a  substantial  development  of  motozisation  In  seme 
industrial  and  urban  centers,  air  pollution  by  engine  exhaust  gases 
constitutes  one  of  the  major  items  in  the  total  pollution  picture, 
la  places  such  as  Loe  Angolas  (1.2  x  10®  motor  vehicles)  or  Paris 
(2.674  x  106  motor  vehicles),  the  control  of  exhaust  gas  pollution 
assumes  the  proportion  of  a  major  technical  problem. 

A  oar  engine  emits,  on  the  average,  between  25  and  30 m3  of 
exhaust  gases  per  litre  of  fuel,  and  an  average  50  horsepower  car 
produces  about  300  m3  of  fumes  per  hour.  A  typical  analysis  of  the 
gasoline  engine  exhaust  gas  compiled  by  R.  L.  Chase  et.el.  (II. 6) 
is  given  in  Table  12.16.  On  this  basis,  we  can  calculate  the  emission 
of  pollutants  by  a  50  horsepower  engine  as  follows?  300  g  of  hydro¬ 
carbons,  120  g  of  acetylene,  130  g  of  nitrogen  oxides,  and  IJm 3  of 
CO.  Ih  addition,  high-compression  engines  emit  up  to  Q*5t  of  sulfur 
compounds  and  up  to  200  mg  of  tar  products.  The  large  high-cewpreseion 
Citroen  85  CV  produces  3, 580  »3  of  CO  per  hour. 


In  the  course  of  studying  various  types  of  cars,  7.  K. 
Alekseyeva  and  V.  A.  Khruetol'yeva  (EU1)  have  found  an  average  of 


Table  11,17 

Content  of  CO  and  Pb  in  air  depending  on  the 
■Volume  of  tr&ffio  of  motor  vehicles 
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Legend:  1.  Component:  2.  Unit?  3.  Volume  of 
traffic  of  motor  vehicles  per  minute 
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Awr»g«  analysis  of  exhaust  gun  from  ths  ear  engine 
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Legend:  1*  Component;  2.  Unit;  3*  Type  of  runnixig;  4*  Idling; 
5*  Acceleration;  6,  Steady;  7»  Deceleration;  8.  Hydrocarbons;  9* 
Acetylenes;  10.  Aldehydes;  11.  Nitrogen  oxides;  12.  CO;  13.  CO2;  14* 
Volume  of  exhaust  gases;  15.  Temperature  of  eocheust;  16.  Duration  of 
work;  1?.  by  volume. 


15  g  of  hydrocarbons  and  4.5  g  of  CO  per  bk  of  exhaust  gases.  According 
to  H.  N.  Thoensen  (11.36),  car  exhaust  fumes  may  contain  up  to  1335  CO 
and  up  to  1,000  mg/i n3  of  sulfur  compounds. 


In  addition  to  gaseous  pollutants,  engine-exhaust  gases  always 
contain  some  colloidal  particulate  matter.  According  to  Faith  (0.78), 
between  0.22  and  3*2  mg  of  colloidal  particulate  matter  are  produced 
per  gram  of  gasoline  burned.  This  particulate  matter  may  contain  up  to 
30%  of  lead  compounds  if  ethyl  gasoline  is  used  (II. C).  According  to 
K.  Ne^oglbshrnko  (11.24),  one  kilogram  of  gasoline  burned,  in  a  car 
engine  yields  0«9  g  of  Pb. 


Engine-exhaust  fumes  also  contain  a  certain  amount  of  3,4- 
benspyrene,  and  it  is  considered  that  in  large  urban  centers  the  oar 
is  ont  of  the  main  sources  of  this  pollutant. 


Studies  have  been  carried  out  in  the  USA  to  determine  the  CO 
and  Pb  content  in  the  air  as  a  function  of  the  volume  of  motor  traf¬ 
fic.  Thee*  studies  were  done  away  from  the  cities,  along  main  access 
[highway*  whsre  sir  pollution  could  be  ascribed  only  to  engine-exhaust  | 
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fuaee*  The  reeulte  of  these  studies  are  presented  In  Table  11,17  (IX 
They  too*  a  strict  correlation  between  the  pollutant  concentration 
and  the  volume  of  traffic* 
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In  Poland,  where  there  were  212  x  1C>3  oars  and  630  x  103  motor¬ 
cycles  in  1959,  atmospheric  pollution  due  to  actor  vehicles  does  not 
constitute  a  serious  problem  ee  yet*  Nevertheless,  it  should  be  taken 
into  account  in  large  eitiee  end  industrial  centers*  Given  a  total 
annual  eonaumpticn  of  liquid  fuel  In  Poland,  amounting  to  2*6  x  106 
tens,  about  8  x  105  tone  of  CO  and  0*5  x  MP  tone  of  SOj  are  produced 
each  year* 


3*7*  Other  man-suds  sources  of  pollution 

In  addition  to  the  pollution  sources  listed  above,  there  are 
many  other  minor  souroee  which  ere  difficult  to  olasaify*  However,  it 
should  be  stressed  that  there  ere  no  technological  processes  which  do 
not  generate  eons  particulate*.  For  Instance,  losses  (toe  to  residual 
duets  in  textile  factories  are  estimated  at  3  «  5Jf  of  production, 
while  similar  losses  in  tobacco  factories  amount  to  about  2%.  # 

Dispersion  dusts  are  fonaed  in  all  the  cases  where  friction  is 
Involved*  The  wear  of  rails  and  tires  ir.  the  Berlin  subway  in  1930 
amounted  to  210  tons*  Asphalt  pavements  show  an  annual  rate  of  wear 
amounting  to  0*5  -  1  am,  and  there  it  considerable  wear  of  the  rubber 
tires  in  motor  vehicles* 


Other  sources  of  duet  pollution  recult  from  the  storage  end 
transportation  of  powder-like  materials*  3h  industrial  districts, 
slag  heaps  are  a  constant  and  serious  source  of  pollution. 


3*8.  Radioactive  dusts 


Radioactive  dusts  art  formed  in  both  the  peaceful  and  the  mili¬ 
tary  applications  of  mieltar  energy*  A*  B*  Bergsted  (11*64)  points  out 
the  following  sources  of  radioactive  dusts t 


tors; 

« 


1*  Uranium  mining  end  processing; 

2*  Chemical  processing  of  fission  products  obtained  from  reac- 


3*  Nuclear  reactors; 

4*  Nuclear  explosion*. 

The  amounts  of  duet  generated  in  uranium  mines,  end  in  the  course 
{ of  ore  end  fission  product  processing  are  of  the  seme  order  as  those  . 
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1 generated  in  other  mines  end  technological  processes*  The  arrester 
devices  and  means  of  personnel  protection  must  assure  a  reduction  of 
dust  emission  to  the  permissible  levels. 

Ousts  introduced  into  a  reactor  together  with  gases,  or  those 
generated  In  the  reactor  itself  as  a  result  of  evaporation  and  corro¬ 
sion,  can  ao quire  artificial  radioactivity. 

Radioactive  gates  and  dusts  are  generated  In  nuclear  explo¬ 
sions,  sad  their  amount  depends  on  ths  yield  of  the  bomb  end  the  type 
of  explosion.  We  distinguish  high  atmospheric  explosions  in  which  ths 
ball  of  fire  does  not  touch  ths  surface,  and  low  atmospheric  explosions 
in  which  it  does.  In  the  course  of  high  atmospheric  explosions  (about 
60G  meters  above  ground  level),  the  amount  of  dust  sucked  up  frem  the 
ground  la  relatively  email*  In  such  cases,  ths  radioactive  cloud  con¬ 
sists,  in  addition  to  gases,  mainly,. of  dusts  resulting  from  an  uncon¬ 
trolled  fission  chain  reaction  of  t£35  or  Pn239  (where  about  200  differ¬ 
ent  isotopee  are  produced),  and  of  the  structural  materials  of  the 
bomb.  Large  amounts  of  dust  are  formed  in  ground  level  explosions,  and 
the  cloud  contains  mainly  the  Si31,  Al25  and  Ha"*-  isotopes  in  addition 
to  the  fission  products.  The  amounts  of  dust  generated  in  explosions 
are  not  given  in  unclassified  literature,  where  only  the  total  radio¬ 
activity  of  ths  vapors,  dusts  and  gases  formed  in  the  blast  are  quoted. 
One  minute  after  the  explosion  of  a  bomb  containing  one  kilogram  of 
explosive  charge,  the  totel  radioactivity  is  equal  to  that  of  800,000 
tons  of  radium.  This  decreases  to  an  equivalent  of  600  tons  of  radium, 
and  is  still  et  eight  tons  after  one  week  (n.A-O* 

During  extensive,  nuclear  tests  carried  out  between  I9f>6  and 
1958,  the  radioactivity  of  the  air  in  Central.  Europe  reached  a  value 
of  2  x  lC“*i  eurles/»3. 
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Table  11,18  gives  estimated  values  of  the  total  annual  emission 
of  dust,  CO  and  SOj  free  the  major  artificial  sources  in  Poland.  In 
reality,  values  higher  than  these  tabulated  should  be  reckoned  with. 
Furthermore,  the  compilation  does  not  take  into  account  a  number  of 
sources  where  the  estimate  of  emission  is  difficult  to  maKe,  as  in  the 
chemical  industry  and  numerous  small  industrial  plants. 

L»  Concentration  of  Atmospheric  Pollutants 

Pollutant  concentration  in  the  air  varies  with  time  and  plaoe. 
Temporary  pollutant  concentrations  depend  on  a  number  of  parameters, 
such  as  ths  time  of  year,  atmospheric  conditions,  the  situation  of  the 
measuring  station,  ate.  Also  of  seme  significance  is  the  seasonal  in¬ 
crease  In  the  pollutant  activity,  suuh  as  amission  from  domestic 
[hearths  during  ths  winter.  Therefore,  the  determination  of  average  ! 


Table  11,18 


Table  11,19 


Legend:  1,  Source  of  Legend:  1.  Center}  2.  Concentra- 

pollutant}  2.  Aolaelon,  in  tlon}  3.  Washington;  4.  Parle. 

10*  tona/yea r;  3*  Combustion 
of  solid  and  gaseous  fuels; 

4.  Combustion  of  liquid  fuels 
(cars)}  5.  Cement  plants;  6. 

Metallurgical  industry;  7. 

Total;  8.  Particulate  matter. 

concentration  values  demand  long  period*  of  observation,  one  year  being 
the  minimum  comparison  unit. 

Oust  concentration  in  cities  and  industrial  centers  varies  be¬ 
tween  0.1  and  10  mg/m3.  Table  11,19  glvee  a  comparison  of  the  reeulte 
of  duet  concentration  measurements  in  major  American  cities  and  in 
Paris. 

Kore  absolute  and  less  variable  are  the  measurements  of  . 
duetfall,  Osnsrslly,  an  annual  value  of  between  200  end  360  tons/km2 
ie  considered  pemieeible  in  industrial  areas.  Table  11,20  gives  the 
results  of  grit  settling  measurements  carried  out  In  major  industrial 
centers.  Justifiable  anxiety  is  caused  by  the  reeulte,  contained  in 
the  Table,  of  measurements  carried  out  by  the  “Snergopomiar'1  and  "Go- 
.project"  organisations  in  Polish  industrial  center*.  As  oan  be  seen 


from  the  Table,  Poland  holds  world  records  in  dust  pollution  of  tha  ! 
industrial  centers* 

A  comparison  of  the  results  for  Bochum  and  Goldenberg  (Table 
11,20),  whore  tha  measurements  were  earried  out  before  and  after  the 
installation  of  dust  arrester  equipment  shows  that  it  is  possible  to 
achieve  a  substantial  reduction  in  atmospheric  pollution  by  making  use 
of  all  the  opportunities* 


Table  12,20 

Dustf&ll  in  major  industrial  centers 


i  © 

Ofeodek 

m 

|  Opad  pyhi 

....  -  —  ~  — 

|  t/km*rok  ! 

1  , 

Leningrad 

288 

>®Worouylowik 

360 

:@Chark6w 

460 

'(£Londyn 

360 

i  Birmingham 

480 

'  Liverpool 

960 

!  Baltimore 

540  1 

j  Delimit 

325  | 

j  New  York 

|  320  j 

i  Bochum  1990 

575 

Bochum  1932 

336 

i  Golden  berg  1940 

2000 

Goldenberg  1952 

350 

!  L6dl 

j  1000-4000 

<  Katowice 

!  1300  -  3000 

Zatorte 

3600 

:  Wslhrzych 

900-1500 

Legend t  1.  Center;  2.  Dustfall,  in  tcns/lar^/year;  3* 
Voroehilovokj  4*  Kharkov;  5*  London* 

To  illustrate  tlr=?  order  of  magnitude  of  gae  pollution,  we 
shall  quote  characteristic  .results  obtained  on  the  basis  of  continu¬ 
ous  measurements  in  large  urban  and  industrial  centers. 


The  CO2  content  in  the  air  above  urban  and  industrial  centers 
may  exceed  600  dv/W.  The  average  C02  concentration  in  Paris  in  1959 
(11*41)  was  349  cm3/m3,  while  the  maximum  concentration  of  57 9 
occurred  in  February.  This  shows  a  constant  increase  in  the  OOj  content 
|  recent  years  (the  maximum  concentration  Jr.  1957  was  only  49?  cau/m£j 
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I  In  : 


In  Usbon  (11.39), 


the  average  CO2  concentration  in  1959  van 


369  e*3/3 


The  CO  concentration  5a  industrial  centers  nay  exceed  55  c*3/*3. 
The  average  CO  concentration  in  Parle  was,  in  1959*  14.®  cm3 /*3,  the 
maxima  being  20  om3/m3,  which  naans  a  50$  increase  over  1956.  In  the 
motor  traffic  tunnels  in  Peris,  the  CO  concentration  goes  up  to  50 
cm3/mJ.  During  «aog  periods  in  Los  Angeles,  the  CO  conosntratlon  fre¬ 
quent^'  exceeds  100  cm3/a3. 


The  SO2  concentration  in  urban  districts  may  exceed  10  o*3/m3. 
In  Paris,  the  S)o  concentration  in  1959  varied  between  0.016  and  0.695 
cm3/m3  (0.048  -  2.03  mg/m3)«  The  corresponding  figures  were  0.065  - 
-  C.4  rag/»3  for  Usbon  (33.39),  0.15  -  0.5  mg7m3  for  Kilen  0.12  -  0.68 
icg/m3  for  Geneva  (XI. 11),  arid  0.2  -  1.31  mg/a3  for  London. 


Studies  carried  out  in  the  vicinity  of  the  Warsaw  power  genera¬ 
ting  otations  in  195?  end  1958  gave  values  of  between  0.004  end  1.31 
mg/m2,  relatively  large  3C2  concentrations  were  detected  in  Krakow  in 
the  course  of  measurements  carried  out  between  1953  and  1955*  The 
average  30o  concentration  in  the  Gomoelaski  Industrial  W.  at  riot  varied 
between  0.15  and  1.99  rag/«3,  with  single  readings  as  high  as  11  ng/a? 

( sic  * )  (11.10). 


Sons  very  interesting  conclusions  oan  be  drawn  from  the  graphs 
of  mean  duet  concentrations  for  ths  Individual  months  of  the  year  and 
day®  of  the  week.  These  graphs,  constructed  on  the  basis  of  measure¬ 
ments  carried  out  in  Paris  in  1959/  art  shown  in  Figures  11,4  and 
11,5  (11.41).  It  follows  from  these  graphs  that  the  maximum  concentra¬ 
tion  of  air  pollutants  is  observed  In  February.  The  maximan  annual 
concentration  is  explained  by  the  fact  that  the  heaviest  emission 
from  domestic  hearths  occurs  in  February  which  is  ths  ooldeet  month 
in  Paris.  The  pronounced  drop  in  pollutant  concentration  on  Sundays  is 
explained  by  lighter  motor  traffic. 


Another  interesting  conclusion  can  be  drawn  from  these  graphs. 
This  follows  from  a  remarkable  agreement  Jr.  the  seasonal  and  dally 
changes  in  the  concentrations  of  C0;,  S02,  and  dusts.  This  fact  makes 
it  possible  to  use  the  CO2  concentration  as  the  general  index  of  air 
pollution. 

It  follows  from  the  recent  studies  (H.23)  that  one  gram  of 
dust  in  urban  and  industrial  districts  contains  about  23  fig  of  3,4- 
-benzpyrene.  The  maxiram  concent ratior  of  3,4-benapyrtne  per  100  m3 
of  air  le  estimated  at  34  ug  in  London  and  36 /ig  in  Liege  (II. 11), 

The  average  3,4-benzpyrene  concentration  in  Snglish  towns  is  estimated 
at  between  1  and  5  Mg/100  m3,  while  ths  corresponding  figure  for  Los 
Angeles  is  3/ug/lOO  m3  (11.23).  The  3 > 4-benzpyrene  concentration  in¬ 
creases  strongly  as  a  result  of  photochemical  reactions,  and  the  lev¬ 
els  of  this  pollutant  increase  sharply  during  periods  of  strong  into- 


Helatively  large  mount*  or  hydrocarbon*  C^iat  are  emitted  In 
are**  with  heavy  motor  traffic.  For  instance,  the  following  hydrocarbon 
concentration*  have  been  meaeured  in  American  cities:  5*9  /i2/®3  in 
Beaten,  2-10  iig/m3  in  Cincinnati,  2-5  jxs/m3  in  Los  Angeles,  and 
0*3  -  5.2/tg/m?  in  Ban  Francisco. 


Fig.  11,4*  Average  monthly  pollutant  concentrations  in  Paris 
1.  COjj  2.  S02j  3.  Dust  concentration. 

legend:  &•  Atmospheric  pollutant  concentration:  t*  health# 

High  ccncentrstions  of  other  pollutants  nay  arise  in  the  in¬ 
dividual  industrial  centers.  For  instance,  concentrations  of  0.05  - 
-  0.08  ag/m3  of  H23  and  0.35  -  0*3'?  mg/a3  of  CSg  have  been  measured 
in  Lod*  (11.35). 
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Fig.  11,5*  Average  dally  pollutant  concentrations  In  Paris. 
l,cq>)  2,S02|  3.  Oust  concentration* 


legend}  a. Atmospheric  pollutant  concentration j  b.  Thursday; 
c«  Friday;  d*  Saturday;  a.  Sunday ;  f.  Monday;  g*  Tuesday;  h«  Wsdnes- 
day. 


$«  Air  Pollution  legislation 


Since  the  numbers  and  activity  oi  artificial  emission  sources 
and  the  resultant  pollutant  oanoentratlona  are  constantly  increasing, 
especially  so  in  urban  and  industrial  canters,  it  has  become  necess¬ 
ary  to  introduos  legislation  enforcing  preventive  measures* 


The  legal  sanctions  applied  to  those  responsible  for  polluting 
the  air  can  be  derived  free  the  paragraphs  concerning  statutory  nui¬ 
sances  by  legal  persons  present  in  all  civil  codes*  On  the  basis  of 
statutory  nuisance  provisions,  the  camera  of  homes  located  near  a 
Berlin  power  generating  station  have  won  in  1936,  a  substantial  suit 
for  damages  arising  out  of  dust  spoilage  of  their  properties* 


At  the  present  time,  there  are  in  force  in  the  various  countries 
precise  legal  regulations  concerning  pollution  abatement.  This  legis¬ 
lation  may  define  the  following: 
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1*  kaximuu  permissible  emissions  by  the  individual  sources; 


2.  The  type  and  width  or  protective  zones  surrounding  emission 
sources; 


3.  haximuai  permissible  pollutant  concentrations. 

The  first  precise  legislation  c oncoming  the  abatement  of  pollu¬ 
tant  ends sion  was  issued  in  England  in  1380  under  the  name  of  Alkali, 
etc.  Works  desolation  Act,  These  regulations  have  been  constantly  re¬ 
vised  and  supplemented,  and  the  last  edition  dates  from  1950.  In  addi¬ 
tion,  the  Clean  Air  Act,  which  embodies  the  regulations  of  the  Elec¬ 
tricity  Demission  of  1932,  was  passed  in  1956  (11.42),  (,11.43), 

This  legislation  accurately  defines  the  type  of  industrial 
plant  whose  construction  or  start-up  requires  a  prior  approval  of  the 
appropriate  authority,  and  sets  out  protective  and  smokeless  zones, 
as  well  as  the  maximum  permissible  levels  of  some  pollutants. 

The  maximum  permissible  emission  of  grit  from  povor  generating 
stations  has  been  set  at  0.92  y/W,  and  the  concentration  of  particles 
larger  than  25  u  in  diameter  must  not  exceed  0.35  l'Jn3 •  At  the  same 
time,  the  smoke  emitted  freir  tue  stack  must  not  be  darker  than  No  2 
standard  on  the  uingelmnn  scale. 

The  horizet  act  uao  passed  in  France  in  1932.  It.  limits  tne 
maximum  permissible  grit  amission  from  industrial  plants  to  1.5  ,y'm3 . 
and  the  tot. e.1  pentiesihla  emission  fra  any  one  source  to  300  kg/hr 
(11.2), 

Iiitcr.br.  regulations  were  drawn  up  in  Holland  in  1947,  which 
relate  the  maxiiAw.  permissible  emission  of  grit  to  the  height  of  the 
stack  according  to  the  equation: 

e-^’o/Nrf 


where  h  is  the  height  of  the  stack. 


.it  the  same  time,  emission  of  particles  l&rrer  than  50  must 
not  exceed  the  following  value: 

-  0,025  (t):G/Nm* 


Iii  accordance  with  the  fonnula,  the  maximum  permissible 
omission  from  a  chimey  50  me'ors  high  ic  1  g/i.»j3,  while  that  from 
chiraey  100  meters  high  .is  4  p./lirJ. 

These  regulations  concern  energy 


a 


generating 
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Table  n.21 

Maxlmi^fieralaelbls  ooncentretlooa  of  *lr  pollutant*  la  the  P33E 
|  ®  OoptMHoahK  ijlintr  «G/m* 


fOctaa  tajte 

Atten  i  ieen  nH«ki 
(2)  Boom 
GD  Hwufyn*  . 

$Ocm  bvtyhi 
Siarcaek  wpcU  CSt 
<5)  Tlendfc  w*fla  CO 
^Chlor 


®  Pyt  (ate  toksyomy)  0,5  0,15 

-i  Ocao  ctyht  j  o,l 

I  (3>Fh»oe  i  too  swfeki  !  0,05  Ofil 

f!  (ft  ForsMldehyd  •  0,055  0412 

.  $Chkrow»odAr  HO  0,05  0,015 

Siarkoerodte  H,S  0,03  041 

Okm  i  j<to  zwtoki  -  .0,0007 

Cateroetykk  olowriu  —  0,0017 

^Mta«ae  i  too  ntoud  043  0,01 

f»« It  -  OfiOi 

Alkohot  metylcwy  14  04  * 

Ocxtn  metyiu  047  -  j 

:  (j^TfcnkJ  txocu  NO,  NO,  0,30  0,10 

j  @)F«mI  04  0,1 

^Pledockatk  fotforu  0,15  0,05 

ft?  Sedan  0,15  045 

®  Kwh  riartowy  H^O,  .04  0,1 

(5j  Tkoek  ikfkowy  SO,  04  0»15 

1  (g>  Octaa  wfeyln  04  I  - 


Legend:  1*  Substance;  2,  Pemiaaible  concentration.  In  ag/m?; 
3,  Single  discharge}  4.  Actolein;  5.  Amyl  acetate;  6.  Arsenic  and  ca 
pounds;  ?•  Benzene;  8*  Gasoline ;  9.  Butyl  acetate;  10.  CS2;  11.  00;  ; 
Chlorine;  13.  flhlorobutadiene;  14.  Dichloroacetate;  15.  Non-toxic  pa 
tleulataa:  16.  Ethyl  acetate:  17.  Fluorine  and  compounds:  13.  Formal' 


dehyde;  19.  HClj  20.  H2S;  21,  Lead  and  compo 
23 »  Kanganese  and  compounds;  24.  Kercury;  25.  ^ethanol;  26.  Methyl  ace¬ 
tate;  27.  NO  and  NOj;  23.  Phenol;  29.  Phosphorus  pentexide;  30.  3oot; 
31,  H2S0^;  32.  SCgj  33.  Vinyl  acetate;  34.  Diurnal  average. 
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I  plant*  which  bum  up  to  100  kilograms  of  fuel  per  hour*  The  maximum 
permissible  emission  may  be  set  at  a  lower  value  for  plants  burning 
higher  amounts  of  fuel* 


In  the  USA,  pollution  control  regulations  vary  from  state  to 
stats,  end  even  from  city  to  oity.  The  previously  quoted  SPAA  iecem- 
mendations  are  binding  for  power  generating  plants*  In  New  York,  the 
maximum  permissible  grit  emission  has  been  set  at  1.18  g/Nm3,  while 
the  content  of  particles  larger  than  17  /i  may  not  exceed  l£%  (11*27). 
The  maximum  permissible  S02  emission  in  the  USA  ie  set  at  0,2%  by 
volume  (about  5*72  g/Nm3)  (II*2?5* 

In  the  USSR,  the  binding  work  safety  regulations  spell  out 
the  widths  of  protective  nones  which  must  separate  residential  dis¬ 
tricts  from  industrial  areas*  Ths  widths  of  these  belts  depend  on 
the  chimney  height  and  fuel  consumption  rates*  The  start-up  of  a 
new  plant  requires  the  prior  approval  of  ths  sanitary  inspector* 

In  1958,  the  USSR  introduced  the  world  »s  firat  norms  for  the 
maximum  permissible  pollutant  concentrations*  So  far,  these  norms 
comprise  30  positions  (Table  11,21)*  As  can  be  seen  from  this  Table, 
the  norms  regulate  both  the  maximum  single  discharges  end  the  diur¬ 
nal  average  grit  emissions. 

In  Poland,  a  decree  is  now  in  preparation  concerning  atmos¬ 
pheric  pollution  abatement,  which  sets  out  the  maximum  permissible 
emission  levels  and  the  widths  of  protective  zones  around  industrial 
objectives* 
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Chapter  III 

ssaaiL  ]g  AlMiattifclaUaiito 


Air  pollution  has  various,  taut  mainly  hamful  of  facta.  Analy¬ 
sing  the  harmful  action  of  air  pollution,  0.  V.  Szelechowski  (0.1A) 
list*  the  following: 

1*  Atmospheric  pollution  in  urban  centera  has  inoreaead  to 
such  a  degree,  that  it  nay  be  the  oauae  of  many  illnesses  of  their 
populations) 

2*  .Is  a  result  of  dust  pollution,  most  of  ultraviolet  radia¬ 
tion  does  not  reach  the  surface  of  the  Earth) 

3*  Oust  pollution  causes  an  increase  in  the  amount  of  heavy 
positive  ions,  thereby  lowering  the  whole ecneneee  of  the  air) 

4*  The  frequency  of  fog  ie  higher  in  industrial  regions) 

5*  The  wear  and  tear  of  machinery  and  equipment  is  much  higher 
as  a  result  of  grit  pollution  in  the  air; 

6.  Oust  pollution  in  the  air  reduces  the  amount  of  sunlight 
available,  thereby  increasing  the  amount  of  electricity  needed  for 
lighting) 


7*  Atmospheric  pollution  hams  vegetation  and  aeoelerates  the 
decay  of  buildings  and  installations* 

In  view  of  the  fact  that  the  scope  of  damage  caused  by  pollu¬ 
tion  is  so  broad,  an  accurate  financial  estimate  of  the  loeees  ie 
very  difficult*  Nevertheless,  attempts  have  been  made  over  a  number 
of  years  to  estimate  the  damage  caused  by  pollution  in  the  individual 
regions  and  countries  aa  a  concommitant  of  pollution  measurement#* 

It  should  be  noted  that  the  result*  arrived  at  show  an  astonishing 
degree  of  agreement* 

Generally  speaking,  there  are  three  groups  of  losses: 

1*  Xateriel  losses) 
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2#  Indirect  leases; 
3»  Direct  losses. 

2*  Latsrlal  leases 


i 


In  the  course  of  industrial  processes,  large  quantities  of 
grit,  fumes,  and  gases  are  emitted,  amounting  to  between  one  and  six 
percent  of  production* 


Table  111,1 

Quantity  end  value  of  particulates  emitted  by  Industrial 
undertakings  In  West  Germany  in  1952 


i<$> 

2r0dlo 

,vy  Sttsty 

10*  t/rok 

10*  DM/rok 

(£>Kopslnie  wegia  a— t— 

27,0 

1100 

&Kopelnie  wegia  bnmmcgo 

161/1 

2860 

d)Wkhut  piece 

103/1 

9300 

0St*lownie 

46,0 

3800 

(^Produkcja  miedsi 

0/1 

1010 

(f>Produkcja  cynku 

7,7 

7160 

0Predukcja  otowtu 

4,1 

1330 

©Produkcja  cemenru 

150,0 

1360 

^Sgowak 

1430,0 

'  .  .  .  .  . 

- 

0i  Razem 

1911,6 

30390 

, Legend:  1*  Source;  2.  Emission,  in  10  tons/year;  3*  Losses, 
in  lCr  ni/year;  A*  Hard  coal  mining;  5»  Brown  coal  mining;  6*  Blast 
furnaces;  7.  Steel  mills;  S.  Copper  production;  9*  Zinc  production; 
1C*  lead  production;  11*  Cement  production;  12*  Power  generating 
stations;  13*  Total. 

L*  Dietrich  (11*9)  has  calculated  the  amount  of  dusts  emitted 
into  the  atmosphere  in  West  Geraany  in  195^  (Table  111,1),  The  Tabic 
•hows  that  the  annual  material  looses  amounted  to  30  x  10°  Hi,  or 
7  x  1C9  dollars.  Ths  amounts  of  dust  given  in  Table  III,i  are  i-iore 
or  leas  equivalent  to  those  emitted  in  Poland  in  1959,  and  it  there¬ 
fore  seems  that  our  material  losses  should  be  of  the  a am*  order* 

Aa  a  result  of  the  development  of  the  recovered  dust  process* 
ing  industry,  sven  the  dusts  from  heat  generating  stations  have  a 
value  on  the  world  market  { about  $1  per  ton  in  the  USA). 
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Work  aiming  at  the  utilisation  of  dust  recovered  from  energy 
generating  stations  as  a  building  Material  are  conducted  in  Poland 
under  the  direction  of  W.  Skla&omid  ( 1X1*4  )• 

Also,  intensive  research  has  been  in  progress  ever  the  last 
few  years  on  the  mesne  of  recovering  rare  elements  suoh  as  geraanium 
and  gallium  from  power  station  dust.  Work  done  on  this  problem  indi¬ 
cates  that  the  recovery  of  rare  elements  can  be  profitable* 

The  strongly  increasing  pollution  of  the  air  with  sulfur 
compounds  has  led  to  the  situation  where  it  may  be  necessary  in  fu¬ 
ture  to  install  equipment  for  de- sulfur it ing  the  flue  gases  (at 
present,  the  construction  of  such  installations  is  in  the  experimen¬ 
tal  stage*  It  appears  that  the  sulfur  thus  recovered  may  supply  the 
entire  world  demand  for  this  commodity,  and  this  method  of  produc¬ 
tion  may  he  profitable* 

3*  Indirect  losses  due  to  pollution 

Indirect  losses  caused  by  pollutants  in  the  air  can  be  divi¬ 
ded  as  follows t 

< 

1*  The  scattering  and  absorption  of  sunlight; 

2,  Increased  frequency  of  fogs; 

'3»  vhanges  in  the  properties  of  soils* 

Dusts  and  liquid  droplets  in  the  air  absorb  and  scatter  most 
of  the  ultraviolet  radiation*  Although  the  ultraviolet  radiation 
constitutes  only  about  1$  of  the  total  solar  radiation,  it  never¬ 
theless  has  a  great  biological  significance*  Decreased  ultraviolet 
radiation  causes  an  increase  in  the  mashers  of  bacteria  In  the  air, 
and  hinders  the  development  of  vegetation.  The  lose  of  ultraviolet 
rays  in  Berlin  in  1930  was  estimated  at  1U%»  In  London,  the  loss  in 
the  winter  is  about  97$,  and  in  the  Industrial  districts  of  Lenin¬ 
grad  it  is  estimated  at  40,1  (0*18). 


Pollutants  suspended  in  the  atmosphere  also  absorb  a  part  of 
the  visible  light,  which  in  turn  causes  an  increased  consumption  of 
olectricity  for  the  lighting  of  towns  and  oonmunitiea.  The  lose  of 
sunlight  amounts  to  4056  in  Leningrad,  36%  in  London,  21*55$  in  New 
York,  and  50$  in  Leeds.  The  increase  in  electric  power  consumption 
resulting  frco  the  leas  of  daylight  in  Leningrad  is  estimated  at 
28$  (0.18). 


ft*  Q.  Veryard  (III. 13)  has  even  proposed  the  hypothesis  that 
|  air  pollution  has  changed  the  condition*  of  solar  radiation  enough _ J 
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to  exert  «  tangible  influence  on  tin* 

CliBfttft. 


progressive  change  of  tho  larthhiJ 


A  too  spheric  pollutant*  are  also  among  the  main  oausts  of  fog 
formation.  iAiereae  tho  relative  humidity  of  air  devoid  of  condensation 
nuclei  may  go  up  to  4001  without  fog  foimetien,  such  formation  o«n 
take  place  in  polluted  air  at  relative  humidity  levels  below  lOOJf*  3h 
addition  to  water  vapor,  other  aouroea  of  fog  format  ion  are  the  hydro¬ 
carbons,  SC?  and  NO2  contained  in  the  air*  These  are  ooneidered  to 
be  the  chief  csuees  of  smog  formation  (in. 6).  Saturated  vapor  pres¬ 
sure  of  theee  gates  is  10~5  times  lower  than  the  saturated  vapor 
pressure  of  water  vapor*  As  a  result  of  photoohaaieal  reactions, 
they  condense  on  condensation  nuclei  to  form  a  mist  having  a  droplet 
•iae  of  the  order  of  0*01  ju  Under  adverse  meteorological  conditions, 
this  may  lead  to  smogs  described  as  "disastrous"  •  The  first  parti¬ 
cularly  dangerous  concentration  of  «og  was  recorded  in  the  House 
valley  in  Belgium  in  1930*  Further  occurrences  were  recorded  in 
Oonorrs  (USA)  In  1948,  end  is  London  in  1952* 

The  losses  caused  by  a  five-day  smog  in  London  in  Oeesmber 
1952  have  been  estimated  at *10  x  10^  (0.13).  The  losses  caused  by 
maog  on  31  January  1959  amounted  to  £50  x  1&>»  Vast  losses  were 
suffered  at  that  time  by  airline  ecapniet*  Vfcoreaa  the  total  los¬ 
ses  by  the  BBA  due  to  meteorological  conditions  during  the  three 
preoeeding  months  amounted  to  >4200,000,  its  losses  on  31  January 
1959  wsro  £  20,000,  those  of  Air  Frsnos  were  *4,500,  end  the  cost 
of  closing  down  the  London  Airport  was  SC  6,000*  It  can  be  generally 

•  accepted  that  the  incidence  rets  of  fogs  in  urban  end  industrial 

*  centers  is  between  two  and  three  times  greater  than  in  unpolluted 

areas  having  similar  meteorological  conditions* 

*  *  _  , 

The  productivity  of  trees  is  lowered  as  a  result  of  the  sel¬ 
ective  absorption  end  scattering  of  sunlight  due  to  pollution*  Ac¬ 
cording  to  K*  Bossavy  (HI*3),  the  average  annual  increase  in  the 
height  of  fir  trees  in  the  region  of  Kaurlenne  is  between  25  and 
30%  greater  than  in  unpolluted  environments*  In  the  vicinity  of 
Brandenburg,  one  pear  tree  yields  about  24*5  kilograms  of  fruit, 
while  a  pear  tree  of  the  seme  variety  near  Berlin  yields  only  17 
kg.  of  fruit  (0*10)  • 


Apart  from  the  direct  destruction  of  vegetation,  the  dust 
and  condensed  sold  fallout  causes  fundamental  changes  in  the  prop¬ 
erties  of  soils  and  significantly  lowers  their  productivity. 

4.  Direct  losses  due  to  pollutants 


The  main  loaees  caused  directly  by  atmospheric  pollution  can 
j  be  divided  into  the  following,  groups:  _ j 
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1*  Wm r  of  machinery  and  mechanise*} 

2*  Corrosion  of  metals) 

3*  Decay  of  buildings} 

4*  Spoiling  of  apperel) 

5*  Destruction  of  vegetation. 

Airborne  dusts  srs  tbs  main  a  suss  of  tbs  wear  of  machines  end 
meohanlsel  parts*  For  instance,  the  wear  of  carliaders  in  an  internal 
combustion  engine  increases  by  about  10  -  15*  when  the  air  filter  is 
remonred  (2X.1). 

According  to  Boston  (111*2),  airborne  dusts  end  sulfur  cos- 
pounds  have  a  decisive  effect  on  the  corrosion  of  metal  parts.  The 
wear  of  rails  end  netal  sleepers  around  Easan  Is  estimated  st  6,000 
tons  annually*  In  San  Louis,  the  annual  expenditure  on  the  mainten¬ 
ance  painting  of  metal  structures  amounts  to  $2*5  x  10®  per  year 
(111.16). 

Xu  1959*  a  survey  was  carried  out  in  Peris  to  estimate  the 
damage  to  buildings  caused  by  atmospheric  pollution.  The  date  of  L* 
Q.  Richard  (21*11)  show  that  whereas  the  Ilfs  span  of  galvanised 
roofing  in  unpolluted  areas  ie  about  50  years,  such-  roofs  in  Paris 
are  completely  destroyed  In  about  30  years  as  a  result  of  corrosion. 
This  adds  up  to  a  loas  of  the  order  of  12*56  x  10®  new  freaks,  or 
about  $2.5  x  10®  per  annum.  Losses  ensuing  from  the  damage  to  plas¬ 
tering  end  facades  in  Paris  amount  to  35  x  10®  franks  (about  $7  x 
x  106). 
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Considerable  losses  are  also  caused  by  dust  settling  on  high- 
volte  power  lines,  where  it  lower*  the  effectiveness  of  insulators 
by  absorbing  moisture  and  acids.  This  frequently  causes  short  cir¬ 
cuits  and  power  failures. 

Air  pollution  is  considered  among  the  main  causes  of  the 
spoilage  of  clothing.  In  England,  they  have  even  introduced  e  special 
•cala  of  textile  soiling  (III. 10).  The  unit  on  this  scale  1*  the  3 AD 
(soiling  additional  density)  defined  as 

1  SAD  »  lg  Jg/Jg 

Where  J0  is  the  light  density  of  the  scattered  clean  material 
Jg  is  the  light  density  of  the  scattered  soiled  material 

To  evaluate  the  degree  of  airborne  dirt  from  the  view 


point  of  | 

■  I  .MW  4 
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textile  selling,  the  *muk*  unit  has  bssn  introduced,  which  is  de¬ 
fined  ss  ths  drop  at  ths  value  of  Jg  by  0.1  whan  0.1  m3  o if  sir  is 
sucked  through  1  an?  of  white  filter  paper.  In  industrial  areas,  ths 
■uric  value  was  found  to  increase  from  700  to  2,000. 


rr>«!i*£Tl 


An  estimate  of  the  total  financial  loss  caused  by  atmospheric 
pollution  must  of  necessity  be  store  or  less  vague. 

In  Great  Britain,  the  Committee  on  Air  Pollution  under  the 
chairmanship  of  H.  Besvtr  (11.42)  tabled  in  1954  s  report  to  the 
Parliament  which  gives  the  following  estimate  cf  losses  oaused  in 
1953  by  stsvospherlo  pollution! 


1.  laundering  end  cleaning 

2.  Renovation  and  painting  of  dwellings 

3.  Cleaning  and  wear  of  other  buildings 

4.  Corrosion  of  metals 

5.  Damage  to  clothing  and  footwear 

6.  Agricultural  losses 

Total 


/  25  *  1Q6 
»  30  x  XO6 
•t  20  x  1X>6 
<•  25  x  106 
«  52.5  *  W6 

h  10  x  10^  , 

t  162.5  x  106 


Direct  losses,  such  as  lowered  productivity  of  workers, 
sickness  benefits,  etc.,  ere  difficult  to  estimate.  If  the  work 
productivity  fell  only  by  one  percent,  the  total  losses  would  be 
according  to  a  conservative  estimate^  115  x  10  per  year  i.e.,  £  10 
par  inhabitant  of  industrial  area*,  or  £  5  per  Inhabitant  of  Aiglaad. 
2h  addition,  further  losses  of  425  -  50  x  10°  per  ybar  due  to  Incas- 
piste  combust  ion  of  fuels  should  be  taken  into  account. 

2.  Smith  (111.12)  makes  a  calculation  from  which  it  follows 
that  it  would  be  possible  to  reduce  the  losses  due  to  sir  pollution 
by  /ZOO  -  150  x  106  per  year  by  investing  e  lamp  am  of  / 600  x  106. 
The  investment  would  be  broken  down  as  follows  (ell  items  *  25$)  i 

1.  Mechanical  burners  for  small  units  45 

2.  Duet  removal  100 

3.  Higher  stacks  50 

4.  Smokeless  domestic  hearths  175 

5*  Production  of  smokeless  fuels  155 


Total 


,000,000 


It  is  startling  to  realise  that  this  investment  would  be  amor* 
tised  in  about  five  years. 


Similar  calculations  have  been  made  in  other  countries.  In 
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tha  08 A,  tha  Imhs  p #r  inhabitant  in  1952  war*  sst lasted  at  about 
$  41  in  Pittsburgh  and  #  20  in  Mur  look,  Tha  total  lo— —  for  tha  w 
eountry  art  aatinatad  at  $  1*5  *  30“,  or  #  10  par  Inhabitant  par  poor 
(0.12),  (0.14). 


Annual  losses  oauaad  by  atnoaphario  pollution  aro  aatinatad 
at  1  -  1.5  x  109CM9or20«  30  0K  par  inhabitant)  In  Vfrat  woman y, 
and  4  x  ID"  Belgian  franks  in  Belgium. 

It  would  ba  vary  intaraatlat  to  make  alailar  oaleulationa  of 
tha  loaaaa  sustain*!  in  Poland  as  a  result  of  atnoaphario  pollution. 
An  aoourata  calculation  la  extremaly  difficult  baoauao  of  the  look 
of  tha  partinant  data,  but  an  aatiaata  oan  ba  aada  on  tha  basla  of 
analogy  with  tha  Ingllah,  American,  or  Goman  data. 

At  JL  250  x  I06  par  year,  tha  total  loaaaa  dua  to  atnoaphario 
pollution  In  BogLand  oorraapond  to  a  total  aniaaion  of  2.8  x  ID6 
tana  of  dust  and  5.2  x  106  tons  of  SOg  par  poor*  fedssion  of  duat  in 
Watt  Gexaany  in  1952  was  aatinatod  at  1.9  million  tana,  tfcils  tha 
loaaaa  snountad  to  1.5  x  109  EH  par  year. 

Aaaming  that  partioulata  natter  ia  a  characteristic  pollutant, 
and  that  tha  mounts  of  other  pollutants  am  proportional  to  it,  wa 
obtain  a  loss  figure  of  ^90  (or  $  270)  par  ton  of  dust  ia  Bagland. 

Tn  Germany,  the  corresponding  figure  la  780  HI  (or  140)  per  ton  of 
duat.  The  loeeee  in  industrial  district*  are  sruoh  higher.  In  Loo 
Angeles,  a  dust  emission  of  81  x  103  tons/year  corresponds  to  a  loss 
of  $  52  x  100,  or  about  9  400  per  ton  of  duat. 

Taking  into  aooount  the  lower  concentration  of  Industry  and 
population  density  in  Poland,  wa  oan  assume  that  the  loess*  oauaad 
by  emission  of  one  ton  of  duat  mount  to  4  -  5  at  10®  alotya.  There¬ 
fore,  for  a  total  emission  of  1.9  x  10®  tens,  we  have  an  annual  loss 
figure  of  8  -  10  x  109  alotya. 

The  proof  that  considerable  importance  attaches  to  tha  prob¬ 
lem  of  sir  pollution  is  seen  in  the  expenditure  for  research  in  this 
i  field  in  the  USA.  m  Naur  Toxic,  the  1953  expenditure  on  pollution  con¬ 
trol  amounted  to  S  375  x  103.  while  the  corresponding  figure  for 
Los  Angelas  rose  to  $  3  *  10°  in  1959. 


>•!  W.  'M 


Atnoaphario  impurities  nay  be  the  cause  of  numerous  diseases 
in  the  inhabitants  of  industrial  and  urban  c enters •  For  this  reason, 
tha  affect  of  tha  Individual  types  of  pollutants  on  the  human  organ¬ 
ism  ia  a  subject  of  interest  to  many  branch*#  of  medicine.  However, 
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the  attainment  of  positive  restate  in  the  field  of  pollution  abatement 
it  possible  only  in  t  oIom  cooperation  between  medicine  ard  technol- 
o«r.  wherm  the  technologist  mast  taunt  oil  the  pur* mtm  influencing 
the  d «|m  of  hernfulnoe#  of  pollutants,  and  tho  orders  of  magcituds 
of  thee*  paramsters. 

Ih*  hansfulnesa  and  tho  poiudotlblo  concentration  of 

air  pollutant*  eon  bo  dotondnod  on  tho  bools  of  the  foUMnct  1)# 
biological  research  on  bueana;  2),  biological  r****reh  on  wporimental 
animals;  3),  statistical  rase aroh. 

Biological  rosoaroh  on  humans  doponds  on  determining  tho  mini- 
mun  ooncontrationa  of  a  given  pollutant  In  tho  air  whose  presence 
in  tho  human  organism  can  bo  datoetod  by  tooting  tho  human  blood, 
urino,  or  hair.  The  starting  point  In  this  kind  of  rootaroh  in  the 
assumption  that  atmospheric  pollutants  should  never  attain  a  000000- 
t ration  level  •which  would  cause  their  presence  in  the  human  organise. 
Such  research  sake*  it  possible  to  take  into  account  all  the  factors 
influencing  the  degree  of  absorption  by  the  hume  organise  of  eir* 
borne  oontae inant*.  This  would  be  very  difficult  to  attain  by  any 
other  means.  However,  the  method  of  biological  research  on  humans  has 
ite  faults,  sans  of  which  are  listed  below* 

1.  It  is  impossible  to  detect  the  presence  in  the  human  or¬ 
ganism  of  a  number  of  pollutant*  present  in  the  air,  including  Cl, 

HC1,  SO2,  NO3,  KO2,  etc.; 

2.  The  degree  of  pollutant  absorption  depanda,  to  seme  extant 
on  the  characteristics  of  the  individuals  examined. 

Nevertheless,  biological  research  on  humans  supplies  sene 
valuable  olues  for  the  establishment  of  the  tnaxistun  permissible 
pollutant  concentrations,  as  well  as  for  determining  the  degree  of 
air  pollution.  According  to  E.  C.  Viglisni  (ni.14),  the  atmospheric 
CO  concentration  of  the  order  of  several  causes  a  tangible 

increase  in  the  CO  concentration  in  the  blood*  In  ftfwwe,  end  parti¬ 
cularly  in  Paris,  systematic  measurements  are  made  of  the  levels  of 
CO  in  the  blood  of  traffic  policemen  and  drivers.  The  method  devel¬ 
oped  for  this  purpose  permits  the  measurement  of  the  CG  content  in  the 
blood  with  an  accuracy  to  0.01  ml  par  10  ml  of  blood. 

Biological  research  on  animals  depends  on  determining  pollu¬ 
tant  concentrations  which  induce  pathological  changes  in  the  animals. 
Being  the  established  conversion  coefficients,  it  la  possible  to 
determine,  by  analogy,  the  pollutant  concentrations  which  can  cause 
disease  symptom*  in  man. 

The  results  obtained  in  these  type*  of  research  permit  in 
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ieesence  only  the  detemination  of  the  degree  of  haxnfalnesa  of  sane 
selected  types  of  pollutant,  without  giving  an  overall  picture  of 
{direct  and  indirect  effects  of  sisultaneous  presence  in  the  air  of 
uaany  types  of  pollutants.  An  accurate  determination  of  such  Interaction 
|ie  very  difficult,  and  acne  dues  in  this  respect  can  be  obtained  fros 
, statistical  raeearoh  which  depends  on  the  statistical  analysis  of  the 
general  state  of  health  of  large  mashers  of  population  In  industrial 
areas  oeqpared  with  similar  population  groups  inhabiting  regions 
j  relatively  free  of  pollution. 

Zt  is  seen  fro*  statistical  analyses  that  atmospheric  pollutants 
inay  be  the  cause  of  numerous  disorders  in  people,  causing  death  in 
ithe  extreme  eases. 

It  is  also  necessary  to  taka  into  account  the  faot  that  sir  | 
pollution  is  hamful  not  only  through  direot  action  on  the  human  or¬ 
ganise,  but  also  indirectly  through  the  partial  screening  of  sunlight,  { 
ionisation  of  the  air,  increased  incidence  of  fogs,  a  to.  i 

Humorous  statistical  studies  indicate  that  in  urban  and  in¬ 
dustrial  areas  there  is  a  higher  incidence  of  such  diseases  as  rickets 
in  children,  pulmonary  diseases,  especially  tuberculosis,  silicosis, 
bronchitis  and  lung  cancer,  as  well  as  diseases  of  the  ayes  and  clr-  j 
ioulatoxy  system.  Table  HZ.  2  shows  sons  examples  of  the  increased  I 
t  Incidence  of  some  diseases  attributed  to  atmospheric  pollution  accor- 


i If.  ?.  Faerber  (III. 5).  It  should  be  added  that  the  studies  In  question  I 
■  embraced  from  70,000  and  240,000  people,  and  the  Increased  incidence 
of  diseases  can  only  be  attributed  to  atmospheric  pollution. 

j 

According  to  J.  Delacroix  (11.11),  the  mortality  due  to  lung  j 
■cancer  in  Belgium  increased  by  300$  between  1950  and  1958,  and  now  j 
lung  cancer  is  the  second  largest  cause  of  death  after  heart  diseases.  , 

i 

The  following  matbere  of  deaths  have  been  recorded  as  due  \ 
to  some  notorious  smog  disasters;  60  in  the  '  Meuse  valley  (1930).  20  i 
in  Donors  (1948),  and  4,000  in  London  (1952).  \ 

i 


In  Loa  Angeles,  three  degrees  of  slam  have  bean  ertabliahed, 
to  be  issued  according  to  the  pollutant  concentration  in  the  air. 
‘The  limits  are  determined  by  the  following  concentrations; 


t 
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Legends  1.  Degree  of  slam;  2.  Concentration. 
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Table  331,2 


Increase  in  the  incidence  of  dieeaeee  in  districts  with 
strongly  polluted  atmosphere  (the  compariscn  district 
was  taken  as  200*) 


j  Type  of  disease 


Rickets  in  children 
Tuberauloeis 
Silicosis 
Bronchitis 

Sight  defects  in  children 


Increased  Incidence  in  oast- 
perieon  with  the  oontrol 
dietriet 


200  -  250* 
300  -  350* 
500  -  550* 
300  -  370* 
400* 


j  Jh  the  eese  of  the  first-degree  tiara,  limitations  on  the 

{volume  of  motor  traffic  and  industrial  production  are  Imposed;  in  the 
•case  of  the  third-degree  alarm,  a  state  of  emergency  ie  declared* 
iPcllutant  concentrations  arising  in  the  third-degree  alarm  are  eenr- 
iSidered  likely  to  cause  aerloue  dieeaeee  or  death* 

i 
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PART  TWO 

D2SPRSIOM  OP  PdUJTASTS  IK  US  AU03FH2UB 


Chapter  IV  | 

:  ■  .  j 

Vrr1  tirtontiri 

I 

i  » 

!  '  i 

1*  M&ta&aa  rturta 

Aerosol  mechanic*  is.  concerned  with  the  description  of  the 
'behavior  of  solid*  (duet  particle* )  dispersed  in  a  medium  under  the 
influence  of  the  external  forces,  and  the  resistance  forces  of  the 
medium.  The  interaction  forces  between  the  particles  are  euffleciantly 
j  small  In  comparison  with  the  efovmnsntionsd  forces  to  be  negligible. 

;lh  view  of  this  assumption,  the  task  of  aerosol  mechanics  redness  to 
ithe  theoretical  and  eiparimental  description  of  the  movement  of  the 
J  individual  particles  in  the  surrounding  medium  under  the  lnfltwnoe 
of  various  forces.  If  the  effect  of  the  mutual  interaction  batman 
'the  particles  oannot  be  ignored,  it  is  compensated  for  by  the  intro-  \ 

;  auction  of  suitable  corrections.  j 

i 

{ 

Theoretical  consideration  of  the  movement  of  solid  partioles  | 
'in  a  gaseous  medium  is  also  applicable  to  the  movement  of  water  drop-  , 
ilsto  in  a  gaseous  aedlua  if  these  droplet*  ars  sufficiently  snail. 

it.  JhiftaR  , , 

The  most  elementary  phenonenoc  In  the  aerosol  mechanics  1*  the 
uniform  motion  of  the  particle  under  a  constant  forca  of  acting  in  a  ; 
constant  direction.  A  body  moving  in  a  gaseous  or  a  liquid  body  en¬ 
counters  a  resistance  whose  direction  is  opposite  to  that  of  the  direo-j 
tier  of  motion  of  the  particle,  and  it*  magnitude  is  dependent  upas 
Ithe  shape  and  dimensions  of  that  body,  velocity,  and  the  properties 
of  the  medium  in  which  it  is  moving.  Resistance  to  uniform  motion  is 
t  calculated  from  the  following  formula t  ; 

!  R  -  ?•&£«!  „  | 

.it  i  1 


jwhsre  R  li  the  fore*  of  resistance; 

f  C  1 m  th#  resistance  coefficient; 

t  to  i#  specific  gravity  of  th#  medium; 

j  F  1#  th#  surface  area  of  the  projection  of  the  body  on  a 

aurfac#  perpendicular  to  the  direction  of  it#  motion; 
u  is  the  veloeity  of  the  body  with  reepeot  to  the  medium; 
g  is  the  acceleration  due  to  gravity; 

:  pk  ia  the  density  of  ths  medium* 

|  Resistance  coefficient  C  depends  on  the  conditions  of  motion 

■of  the  body,  and  on  its  shape.  The  motion  of  •  spherical  body  is  one 
j  which  has  reosived  moat  theoretical  study  and  experimental,  verification 

Ihe  for*  of  the  expression  for  resistance  coefficient  C  depend* 
[on  the  value  of  the  Reynolds  number 

Re  m  ud 

y  I 

i 

!  (where  d  is  the  particle  diameter,  and  y  Is  the  viecoBlty  of  the  j 

i medium).  If  th*  particle  diameter  4  is  considerably  larger  than  the  ! 

{free  path  of  the  medium  molecule*,  then  resietenoe  coefficient  C  is  I 


to  vr  w*  kt  to'  ic*  w  to4  tc*  to 
I  (z)  Ucsdo  Reynofdsa 

Fig.  17,1.  Relationship  be  twee.,  the  resistance  coefficient  end 
the  Reynolds  number. 


Legend!  1.  Resietenoe  coefficient  G;  2.  Reynolds  rubber,  ; 

a  function  of  the  Reynolds  number.  Therefore,  the  value  of  C  depend#  ! 
■  on  the  dimensions  of  the  dust  particle  in  motion.  j 

i  Fig.  17,1  shows  ths  relatiattehip  C  «  F(Re)  according  to  Lapple  ! 


land  Sheppard  for  the  range  of  Reynolds  number#  K)“4<Rd<JL0^  The 
t curve  may  bo  divided  into  three  sections*  each  of  which  corresponds 
t  to  a  different  type  of  /notion  and  to  a  different  form  of  the  relation* 
'ship  C  •  f(ite)» 


At  higher  values  of  the  Reynolds  number  (lie  103) ,  the  value 
;  of  C  is  more  or  less  oonstant,  end  equals  about  0*44*  This  is  the 
!  range  of  turbulent  motion*  and  the  fores  of  resistance  varies  aecor* 
i  ding  to  Newton's  law/ 


_  ...ad*  u* 

R-0,44Tr-^ 


(IT.2) 


In  the  laminar  motion  range*  i«e«*  in  the  range  of  Re  . '3* 
the  force  of  resistance  may  be  expressed  by  the  Stokes  laws 


l 


R  =**  Znitdv 


(1^3) 


Therefore*  lr.  the  case  of  laminar  motion*  the  resistance 
acting  on  a  moving  particle  is  directly  proportional  to  its  diameter 
d,  its  velocity  u,  and  the  dynamic  viscosity  of  the  medium  /«•  • 


i 

1 

i 


The  resistance 
Reynolds  number 


coefficient  C  is  Inversely  proportional  to  the 


24 

Re 


(IV*4) 


The  above  range  of  applicability  of  the  Stokes  law  (lie  ^3) 
has  been  set  by  Lapple  arid  Sheppard,  Rayleigh  sets  the  range  of  the 
Stoke 3  lew  applicability  at  Re  ^2,  while  Arnold  gives  Re  vl»2» 


\ 


The  Stoker*  formula  h&3  been  derived  on'  the  basis  of  ignoring 
completely  the  dynamic  (hydrodynamic  or  aerodynamic)  forces*  and  can,  j 
therefore*  be  applied  only  to  motion  at  low  velocities  u.  The  dynamic 
forces  have  been  partially  taken  into  account  in  ths  relationship  j 
derived  by  Oaeen,  which  is  In  agreement  with  experimental  results 
ovar  a  wider  range  of  Reynolds  numbers  then  is  the  case  with  the  3toke} 
1  ;>v.  Resistance  coefficient  C  according  to  Oseen  is  expressed  by  the 
fomula? 


24 

Re 


(l  +  is.) 


24 

Re 


4-  4,5 


(IV,5) 


In  the  range  intermediate  between  the  laminar  and  the  turbu- 
lent  motions,  the  dependence  of  coefficient  C  on  Re  is  more  corapli- 
catod. 


According  to  Lapp!*  and  Sheppard,  the*  following  aquation  can 
ba  appliad  in  tha  oaaa  of  Intazwadlata  noticni 

c>  j«. 

|/R  .  (iv,*) 

Zn  this  cass,  tha  forea  of  reaistanoe  is  aoqpraaead  by  tha 


fom&a 


d*  U* 


(17,7) 


f^aqoant  use  la  node  of  tha  relationship  derived  by  Allan 
which  it  applicable  over  tha  range  2  <Be  <500 


18,5 

R«M 


and,  coxreapondlngly. 


/y 

ft  *  2,3  n  l-M  f£'%  dM  uM 
\  a  / 


(17,8) 


(17,9) 


2h  addition,  anpirlcal  formula#  are  frequently  used  in  detail 
■lnlng  resistance  coefficients. 

Baturin  (17*1)  gives  a  formula  valid  for  tha  range  0<Re<$00 


(1  +  0,15  Re*-*7) 


(17,10) 


According  to  GtaataMsaon  (17.2),  resistance  coefficient  can  be 
calculated  free  tha  formula 


(1  +  0,13  Re*'7) 


(17,11) 


If  tha  particle  diemetet  d  i»  considerably  mealier  than  the 
mean  free  path  1  of  tha  medium  molecules  (d^l)»  i«a»,  in  the  case 
of  very  snail  particle  diameters  or  at  vary  low  pressures,  the 
particle  notion  Is  Molecular  in  character*  It  does  not  influence 
the  velocity  distribution  of  tha  molecule*  cf  the  medium,  and  it  do*»3 
not  causa  macroscopic  round-flow  in  tha  medium.  Resistance  of  the 
nedlvaa  is  due  to  tha  fast  that  a  larger  number  of  gas  molecules 
collides  with  the  front  part  of  the  particle  than  with  the  back.  If 


the  partial*  mass  i •  significantly  greater  than  that  of  th*  ga* 
molaoulsa,  i.e*,  at  d>10'  on  (d/lcrJ  p),  th*  formula  for  imsietane* 
coefficient  Conte  written  in  ths  f ollowing  f oat 


r  *  (W.12) 

Alu 

where  p  is  the  dynamic  viscosity  of  th*  media; 

A  is  th*  function  of  th*  coeffieiwat  <X,  which  d*t«min«*  th* 
eharaoter  of  rdbound  of  th*  ga*  aoleeulsa  from  th*  aurfac*  of 
th*  dust  particle* 

After  substituting  th*  valu*  of  C  from  equation  (17,12)  in 
(17,1),  vs  obtain  th*  following  relationship  for  th*  r**i*t*ao* 
foro*  of  th*  a*diws‘ 


6  t)Fuy 
Al  ' 


(17,13) 


The  value*  of  A  ax*  as  follow*  t  in  th*  oaa*  of  mirror  rebound, 
A  *  1*175;  in  th*  case  of  scatter  abound,  but  with  th#  preservation 
of  th*  absolute  velocity,  A  ■  1*091;  in  the  ease  of  abound  with 
*oatt*r  and  full  accomodation,  A  =  1*131* 


Th*  Stoke*  law  can  be  applied  also  to  the  laminar  motion  of 
dust  particles  other  than  spherical  in  shape,  if  th*  so-called  chap* 
coefficient  is  taken  Into  account* 

Belationships  for  th*  chap*  coefficient  for  dust  particle* 
having  the  shape  of  an  ellipsoid  of  revolution  have  been  derived  from 
theoretical  consideration* • 

Resistance  of  th*  medium  is  expressed  by  the  following 
relationship: 

R  «*■  6.n uauM 

where  a  is  the  radius  of  the  ellipsoid  in  the  plan*  of  rotation; 
at' is  the  shape  coefficient  for  ellipsoid  of  revolution,  which 
is  expressed  by  one  of  the  following  two  formulas: 

1.  In  the  oas*  of  motion  of  an  elongated  ellipsoid  of  revolu¬ 
tion  along  the  longer  axle 
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*<r"1)f£=r*V+^ i»-i  <I7,U) 


2*  Id  the  eeee  of  moment  of  an  elongated  ellipeold  of 
revolution  aoroai  the  longer  axis 


InV+|/^-l)  +  4 


(IV, U) 


3*  2d  the  ease  of  movmaent  of  a  flattened  ellipeold  of 
revolution  along  the  shorter  axle 


4*  In  the  oaae  of  movement  of  a  flattened  ellipeold  across 
the  Shorter  axle 


f  v-Qfvr-v. 


i 


<W,17) 


la  the  ratio  of  the  longer  to  the  shorter  axis* 


the  valuas  of  the  shape  coefficient  X •  oeloulated  from  the 
foregoing  relation  eh ipe  are  compiled  in  Table  IV,  1* 

Ae  a  raault  of  SroMtiian  notion  of  graaulee  having  the  shape 
of  an  ellipsoid  of  revolution,  the  angle  between  the  longer  axle 
and  the  direction  of  mownent  la  constantly  changing.  The  mean 
value  of  resistance  in  all  tha  positions  of  the  longer  axis  with 
respect  to  tha  direction  of  movement  is  obtained  from 


R  «  tap  o  u  w'  4-  ’j  w'  J 


(IV,  18) 


Substituting  /3  — ♦  oo  in  equations  (IV,  16)  and  <IV,1?),  we 
obtain  tha  following  expression  for  tie  value  of  reeistance  to  the 
motion  of  an  infinitely  thin  olrcular  platelet  with  a  radius  at 

1*  In  the  case  of  notion  perpendicular  to  tha  surface  of 
the  platelet 

K  =  W'“U  nr*) 
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2*  Jh  the  eaae  of  notion  parallel  to  the  surface  of  the 
platelet 


»  32 

jfiau 


(IV, 20) 


Table  17, 1 


Value*  of  the  ah  ape  eoeffieient 

. - ■■  ■-  . •- .*■■■  ■  —  - ■—  - 

'(j)  Elipaotda  wytttuAana  .(2)  Bhpeoida  sptencsoaa 
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Legendt  ~1*  ELxngated  ellipsoid}  2*  Flattened  ellipsoid}  3* 
Along  the  axis  of  rotation}  k*  Across  the  axis  of  rbt,ationj  5.  Statis- 
tioal  mean. 


After  the  Oseen  correction  is  Introduced,  equation  (IV, 20) 
gives  results  very  olose  to  those  obtained  experimentally 


(W,21) 


In  a  similar  manner,  we  can  obtain  from  formulas  (17,14) 
and  (17,15)  expression*  for  the  resistance  to  motion  of  acicular 
particles  2X,  in  length  and  with  a  length  to  diameter  ratio  equal  to 

t 

1.  In  the  oase  of  motion  along  the  axis  of  the  needle 


D  An  pub  (17,22) 

In  2/9 
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2*  2h  the  6Mi  of  motion  across  the  axis  of  th#  needle 


8x/iuL 

in2/T 


(IV,23) 


On  th*  baa  it  of  th*  tbov*  relationship*,  we  can  calculate  th* 
resistance  to  motion  and  the  rat*  of  settling  for  particle*  having 
shape*  other  than  spherical. 


W\*~WlTTj 


A  granule  falling  freely  in  th*  gravitational  field  moves  in 
a  unlf on*  motion  until  the  moment  at  which  the  f  oroea  acting  on  the 
particle t  reeiatanoe  of  the  medlm  R,  gravity  P,  and  the  buoyancy  of 
the  medlm  W  become  balanced* 

Since  the  reeiatanoe  force  *  depend*  on  th*  type  of  motion, 
the  ret#  of  free  settling  1*  also  dependent  on  the  motion,  and  thus 
th*  form  of  mathematical  expression*  describing  the  settling  velocity 
depends  on  the  type  of  motion. 

Rousting  the  forces  of  resistance  end  graoity,  and  solving 
the  resultant  equations  with  respect  to  th*  settling  velocity  of 
dust  particles  Up,  we  obtain  the  following  relationships i 


1*  For  laminar  motion  (according  to  the  Stokes  Lew) 

1  O'  -  Pe)  - 

*-“n  *  -* 


<W,24) 


2*  For  tranaition&l  motion  on  the  basis  of  the  Lapple  and 
Sheppard  equation 


20  (y-  yf* 

(h“T 


d  *»  -20  d 


(y-rfg  (nr,25) 


3*  For  turbulent  motion 


-  Yjgd 


(IV, 26) 


The  velocity  of  small  particles  (with  diameters  of  the  order 
of  the  free  path  of  gas  raoleeulea,  or  about  10“5  om)  is  calculated 


■•king  usa  of  th«  Cunningham  correction 


«,-*(l+K-i} 


(17,27) 


Khar*  K  is  t  constant  (K  a  0*8  to  Q.86)j 

1  is  the  average  free  oath  Of  gas  molecules  (under  atmospheric 
pressure  1  •  MT5  em)j 
r  is  the  radius  of  the  falling  particle; 
up  is  the  settling  velocity  in  laminar  motion  calculated  from 
fomula  (17,24). 

The  msadww  diameter  of  the  particle  below  which  the  Cunningham 
correction  must  he  taken  Into  acoount  is  given  by  various  authors  to 
lie  between  0*5  and  1  >u 

Approximate  foxmul&a  for  the  settling  velocity  based  on  experi¬ 
mental  data  are  also  encountered.  One  of  the  more  frequently  met  is 
the  (tarns  fomula  applicable  over  the  range  3  <Bs  <(300: 


-  1,835  *  *  4  0,1514  l/  V 

0*  -  d*  \  gb-yj 


l  (W,28) 


end  over  the  range  300  Be  2,900* 


-  1,835 


*(y  -  Yj  d* 


4-  0,1483 


i  /  *  i 


(3V,29) 


If  the  specific  gravity  of  the  falling  particle  and  the 
viscosity  of  xhe  medium  ere  known,  then  the  relationship  between  the 
settling  velocity  end  the  particle  disaster  can  be  determined  accura¬ 
tely.  Fig.  IV, 2  shows  a  graph  of  the  settling  velocity  of  quarts 
particles  in  air. 

Similar  assumptions  can  be  made  with  regard  to  the  determina¬ 
tion  of  the  average  particle  diameters  corresponding  to  the  conditions 
of  change  in  the  type  of  motion.  Frequently,  arbitrary  particle  siaes 
are  determined  by  assuming  that  their  specific  gravity  is  equal  to 
that  of  water,  end  that  they  are  settling  in  air.  In  this  case,  the 
turbulent  motion  arising  at  Re  >  IQ3  corresponds  to  granules  larger 
than  2  am,  the  upper  limit  of  laminar  motion  corresponds  to  a  particle 
diameter  of  about  100  ft  (which  depends  not  only  on  the  specific 
gravity,  but  also  on  the  value  of  Be  accepted  as  the  limit  of  laminar 
motion),  while  the  particles  having  dimensions  between  those  quoted 
move  with  the  transitional  type  of  motion.  It  should  be  remembered 
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<1 


Fig.  IV, 2.  Relationship  between  the  settling  velocity  and 
the  particle  site  for  quartz 

Legend «  1.  Settling  velocity.  In  can/sec  j  2.  Particle  dianeter) 
3*  Laminar  motion}  4*  Transitional  motion;  5*  Turbulent  motion* 

that  the  average  particle  eiaee  given  are  approximate,  end  depend 
both  on  the  specific  gravity  of  the  material  and  on  the  viaoosity 
of  the  medium,  as  wall  aa  on  the  aeeumed  size  range  for  which  a 
given  type  of  motion  occurs* 

In  particulate  technology,  the  rate  of  settling  of  dust 
particles  in  air  at  20°C  and  7o0  am  Hg  constitutes  the  basis  of  the 
size  classification  of  particulate  matter*  The  relationship  between 
the  rate  of  settling  of  granules  in  air  at  given  parameters  for  ar¬ 
bitrarily  spherical  particles  of  various  specific  gravities  is 
shown  in  Pig.  17,3* 


wMeJ 
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dill 


The  theory  of  Brownian  movement  has  baan  tha  eubjeet  of  research 
by  many  physicists,  including  flaoluchawtki.  Einstein  derived  a  f omuls 
for  tha  naan  square  of  displacement  of  a  dust  partiola  subject  to 
Brownian  movement  in  a  time  t 

l?-2Dt  (2V,30) 

where  D  ia  tha  diffusion  coefficient,  expressed  by  equation 

fcT  <W,31) 


D- 


/ 


where  k  is  tha  Boltsmana  constant  (k  •  1.38  x  KT^  erg/^C) 

T  is  tha  absolute  temperature; 
f  is  tha  friction  coefficient  of  tha  medium. 

Tha  friction  eoeffioiant  for  sphsrioal  particles  in  tha 
course  of  Brownian  movement  in  a  liquid  can  be  derived  frost  tha 
Stokes  law 


j~2ndv> 


whence  we  obtain  tha  relationship! 


D  « 


kT 

2nd  p 


(nr,32) 


(17,33) 


The  Einstein  aquations  have  been  derived  using  the  following 
assumptions t 

1.  The  movement  of  the  individual  partiolss  is  .mutually 
independent; 

2.  The  mean  energy  of  movement  by  the  partiola  along  any  axis 
has  the  same  value  of  1/2 KT,  in  accordance  with  the  principles  of 
static  mechanics; 

3.  The  movements  of  the  partiele  In  the  consecutive  intervals 
of  tips  0  -  t,  t  -  2t,  2t  «•  3t,  etc.,  are  mutually  Independent. 

It  follows  from  formulas  (IV, 30)  and  (IV,33)  tha  the  velocity 
of  Brownian  movmaent  increases  with  a  decrease  in  the  particle  aits, 
In  oontrast  with  the  movement  caused  by  the  force  of  gravity.  Table 
17.2  shows  ths  ratss  of  asttling  and  velocitiss  of  molecular  movament 


Table  17,2 


Rate  of  settling  and  ths  velocity  of  Brownian  nor  want 
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Legmad:  1.  Partiola  diameter,  in  jut  2.  Rata  of  settling,  in 
cm/sec;  3.  Velocity  of  Brownian  movement,  In  cm/sec. 

of  silver  dust  partidsa  depending  on  the  particle  else  (after  Gibbs, 
(0*8)).  Both  vslooitiea  are  more  or  lass  equal  in  the  case  of  parti¬ 
cles  0*2  >i  in  diameter. 

The  influence  of  Brownian  movement  is  perceptible  In  ths  ease 
of  particles  less  than  about  1  jx  in  diameter,  and  is  partly  taken 
into  account  in  the  Cunningham,  correction. 

Table  IV,  3  gives  formulas  for  the  rate  of  settling  of  dust 
particles  in  sir.  The  particle  sises  ere  calculated  on  the  assumption 
that  their  specific  gravity  ia  equal  to  that  of  vatsr. 
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Table  17,3 

Eehavior  of  dust  particles  In  air 
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Lagandi  1.  Particle  diameter,  in  jij  2.  Reynolds  number,  Re} 
3«  Type  of  movement}  4*  Rate  of  stttling}  5*  Turbulent}  6.  Transi¬ 
tional}  7.  Laminar;  8.  Stokes  lew;  9*  Cunningham  correction}  10* 
Brownian  movement. 


eat  of  e 
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In  section  2  of  the  present  chapter  we  have  considered  the 
simplest  case  of  particle  movement  when  the  particle  is  being  acted 
upon  only  by  the  forces  of  gravity,  buoyancy,  and  resistance  of  the 
SMdiurn*  3h  reelity,  this  case  occurs  very  rarely,  snd  usually  the 
movement  of  a  particle  is  a  result  of  a  combination  of  many  forces. 
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If  *  partiele  it  acted  upon  by  fore#*  Pi,  P2,  Pi...Pn,  aora* 
ment  it  otuttd  which  it  opposed  fay  tht  forct  of  resistance  £*  After 
teat  tl*o,  an  equilibrium  of  all  tht  f onset  will  ba  established, 
which  ota  bo  written  la  the  rector  font 


IFf  *f  P*  +  +  . . .  +  P*-i  +  Pe  m  ^ 


(w,  34) 


Velooity  of  the  particle  oan  ba  calculated  from  formula 
(17,34)*  Direction  of  movysnt  of  the  particle  will  ba  in  accordance 
with  the  resultant  foroe  P  • 

incog  the  forces  which  aot  on  a  duet  particle  in  addition  to 
thoee  stated  above,  we  oan  mention:  i 

1*  Mesa  inertia  f oraae  arialng  out  of  aeoalaratlon  of  the 
particle,  e*g»,  centrifugal  acceleration,  Coriolis  fores,  ate. 

! 

In  general,  the  matt  inertia  forces  Pa  acting  on  duct  particles 
are  calculated  from  the  formula 


_  dv  ?rd* .  K  dv 


(W,3 5) 


In  the  case  of  centrifugal  acceleration  caused  by  rotational 
movement,  the  value  of  Pa  it  expressed  by  the  following  formula: 

(IT'*> 

where  o»  is  the  angular  velocity  of  rotation} 

r  is  the  radius  (distance  from  the  axis  of  rotation)} 
n  is  the  number  of  revolutions  per  minute. 

2*  Electrostatic  forces  P#  caused  by  the  interaction  of  the 
elec troet atie  field  and  the  charge  on  the  dust  particle 


P.-ne,*, 


(17,37) 


where  n  la  the  number  of  elementary  charges  on  the  duet  particle} 
e0  is  the  elementary  charge} 

Eg  is  the  intensity  of  sleotrostatio  field* 

3*  Heat  diffusion  forces,  arising  as  s  result  of  the  existence 
of  a  temperature  gradient  in  the  gas  In  the  direction  of  movement 


dJdT 

p  T  dx 


(17, 38) 


where  0  la  *  constant; 

p  It  the  gas  pressures 
d  is  the  average  particle  diameter  j 
T  is  the  absolute  temperature  of  the  gee; 
dT  le  the  temperature  gradient  of  the  gas  in  the  direction  of 
*  movement* 

4.  Kaoroeoopic  diffusion  foroee  Pr*  to  be  described  In  ehaptar 
V. 

If  the  sedim  in  which  the  dust  particle  is  suspended  is 
quiescent,  but  nerves  with  a  velocity  v  with  respect  to  an  lwnobila 
system  of  refare noe,  then  because  of  the  force  of  resistance,  the 
particle  will  also  have  a  velocity  o exponent  with  reepect  to  this 
system  of  reference* 

&  the  study  of  toe  behavior  of  duet  particle*  in  the  atmosphe* 
we  find  that  in  moat  oases  inertia,  eleotroetatio,  end  heat  diffusion 
forces  ere  negligibly  small  in  comparison  with  the  fores  of  gravity, 
atmospheric  diffusion,  end  the  reeietenee  of  the  moving  medium* 
Depending  on  the  actual  conditions,  any  of  these  faotors  may  have  a 
decisive  effect  on  the  behavior  of  duet  particles* 
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Chapter  V 


•hewn  in  Pig.  V,  I. 


Distance  from  source  of  emission  Distance  from  source  of  emission 

Fig.  7,1.  A  schematic  representation  of  the  affect  of 
wind  velocity  on  pollutant  concentration;  emission  —  four  units  per 
second:  a)  wind  velocity  vw  a  1  b)  wind  velocity  vw  ■  4  a/sec  • 

3.  Vertical  temperature  gradient 

Zh  order  to  define  the  adiabatic  temperature  gradient,  we 
shall  assume  that  a  parcel  of  air  has  been  displaced  In  the  vertical 
direction  over  a  distance  dz,  and  the  rate  of  displacement  was  so 
alow,  that  the  parcel  of  air  wae  under  the  same  pressure  as  the 
surrounding  air  in  all  its  positions.  The  change  in  the  pressure  of 
the  parcel  of  air  can  be  obtained  from  the  barometric  equation 

gdz*=~Rr-£ 

P 

dp  9_dz  (V,2) 

V  *  "*  r  r 


where  T'  is  the  temper&t.ure  of  the  surrounding  air. 

Assuming  that  the  change  in  the  parcel  of  air  gas  is  adiabatic, 
we  can  determine  the  change  in  its  pressure  from  the  adiabatic 
equation 

dT  R  dp 

T  ~C,  p 

dp^CpdT 
p  R  T 

Cosparing  equations  (V,l)  and  (7,4),  wc  obtain 

dT  gT 

~  dz  ~  CPT 


(V) 

<W) 


(v,5) 
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If  ws  wraw  *  —11  diaplao— nt  of  th«  parcel  of  air  oo 
th*t  the  ratio  of  T  to  T*  la  approotinately  equal  to  unity,  aquation 
(V,5)  can  ba  written  in  the  following  fonts 


dx  C, 


<*,*) 


The  quantity  T  ie  the  so-called  adiabatic  vertical  gradient  of  air 
tempi  turej  T  equals  1°C/100  a*  The  foregoing  ooneidarationa  apply 
to  dr*  air*  If  the  air  la  hunid,  equation  (V,6)  oan  ba  written  aa 
follows i 


(▼e7) 


where  <p  *  la  a  function  dependant  on  temperature  and  praeaura* 

If  the  atmosphere  had  the  adiabatic  tsmpernture  gradient,  the 
air  density  above  the  Earth's  —face  Mould  be  the  sane  at  all  alti¬ 
tudes* 

Under  the  actual  conditions,  heat  exchange  between  the  Earth's 
surface  and  the  atmosphere  causes  the  temperature  gradient  in  the 
lower  layers  of  the  atmosphere  to  deviate  substantially  from  adia¬ 
batic.  The  actual  temperature  gradient  can  assume  both  greater  end 
smaller  values  than  r  ■  1°C/100  a,  including  negative  value*  (inver¬ 
sion). 

The  average  vertical  temperature  gradient  In  the  atmosphere 
la  r  •  C«6°C/1jOO  a*  In  Fig*  7,2.  such  a  variation  of  temperature 
with  altitude  is  represented  by  line  3* 

The  vertical  temperature  gradient  exerts  a  decisive  influence 
on  the  stability  of  the  atmospheric  layer  adjoining  the  earth*  Figa 
V,3,  7,4,  and  7,5  depict  the  behavior  of  a  parcel  of  air  at  different 
values  of  the  vertical  temperature  gradient* 


Fig.  7,2*  Graphs  showing  the  *  • w 

relationship  between  temperature  j 

end  altitude  to  different  values  of  1 

the  vertical  temperature  gradient}  1* 
Super-adiabatic  gradient}  2*  Adiabatic 
gradient}  3*  Average  gradient;  4«  ^ 

laothewio  gradient;  5*  Inversion*  a 


Lsgsndt  a*  Altitude;  b*  Temp*  rature* 
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If  the  adiabatic  temperature  gradient  ia  present  In  the  air  (Fig*  7,3  ^ 
than  after  being  displaced  from  its  original  position  up  or  down,  a 
parcel  of  air  will  have  the  same  temperature  and  specific  gravity  aa 
that  of  the  surrounding  air  (aa Burning  an  adiabatic  change  in  the 
parcel  itself).  The  force  of  aeroatatic  buoyancy  which  could  cause 
a  further  diaplaowent  of  the  parcel  of  air  doe  a  not  arise,  and  eo 
the  parcel  it  in  a  state  of  neutral  equilibrium. 


(J)  Temmatura.X 


Fig*  V,3*  Behavior  of  a  parcel  of  air  in  the  ccae  of 
adiabatic  teeiporature  gradient*  1*  Adiabatic  gradient:  2.  Actual 
gradient* 

legend:  a*  Altitude}  b*  Temperature. 

If  the  temperature  gradient  is  greater  than  adiabatic  (i*a*, 
superadlabatle),  the  parcels  of  air  are  in  unstable  equilibrium 
|  (Fig*  V,A)*  A  parcel  of  air  displaced  upwards  from  its  original 
position  will  always  be  at  a  temperature  higher  than  that  of  the 
surrounding  air,  and  ita  density  will  be  less.  As  a  result,  aerostatic 
forces  will  arise  causing  a  continued  upward  displacement  of  the 
parcel*  If  the  parcel  is  displaced  downward  from  ita  original  position 
then  its  temperature  will  be  always  lower  than,  that  of  th*  surrounding 
air,  and  it  will  continue  to  fall*  Thus,  an  exceptional  instability 
of  the  atmosphere  occurs  in  the  case  of  a  super-adiabatic  temperature 
gradient* 

If  the  temperature  gradient  is  smaller  than  adiabatic 
(Fig*  7,5),  a  parcel  of  air  displaced  from  its  original  position 
is  acted  upon  by  forces  tending  to  restore  it  to  its  original  posi¬ 
tion.  Although  a  stable  equilibrium  of  a  parcel  of  air  occurs  always 
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whan  f<V  ,  it  is  only  la  the  cue  of  inversion,  i*e.,  when  0?<0 
that  tha  stability  of  the  Individual  levels  of  the  atmosphere  is  so 
great  that  there  Is  virtually  no  mixing* 

tiathoaatioal  expression  of  the  equilibrium  of  a  parcel  of  air 
may  take  the  following  form*  Equation  for  tha  equilibrium  of  forces 
acting  upon  the  parcel  in  the  horizontal  direction  haa  the  fora 


t'-Y 


y  d*z 

73? 


(7,8) 


where 


2 f  is  the  density  of  tha  air  comprising  tha  parcel  of  air 
.under  consideration} 

T  is  tha  danaity  of  the  surrounding  air; 
z  is  tha  altitude} 
t  ia  time; 
g  ia  gravity. 

If  we  assume  that  the  pressure  inside  the  parcel  of  air,  and 
that  of  the  surrounding  air  are  equal,  then  (V,8)  can  be  written 
in  the  fora 


t  -■  r 


d3z 

d? 


(7,9) 


Let  the  temperature  of  the  parcel  of  elr  and  its  environment 
in  the  initial  position  ba  T0.  After  displacement  of  tha  parcel  of 


air  over  a  distance  z,  its  temperature  will  be  T  *  To 
the  temperature  of  the  surrounding  air  will  be  T'  •  T,_ 
these  relationships  into  account,  we  obtain  frcsi  aquation  (V,9) 


fz,  while 
p  -f  a*  Taking 


r~r 


zg 


l!? 

dt* 


(vt10) 


& 


It,  follows  from,  equation  (V,10)  that  acceleration  dt2  acting 
on  the  parcel  of  air  displaced  from  the  position  of  equilibrium 
increases  with  an  increase  In  the  distance  z  of  its  displacement 
from  the  original  position,  with  a  decrease  of  tha  surrounding  temp¬ 
erature  T*,  and  with  en  increase  In  the  difference  between  the  adia¬ 
batic  and  the  actual  temperature  gradients  -T.  If  th®  atmospheric 
equilibrium  ia  stable,  i.a»,  f  <(r  ,  then  the  acceleration  acting  on 
the  parool  of  air  is  negative,  i.e*,  it  is  in  the  direction  opposite 
to  that  of  Its  initial  displacement.  If  the  equilibrium,  is  unstable 
{super-adiabatic  gradient)  T,  then  the  acceleration  he.r?  a  positivej 
sign,  that  is,  it  is  in  the  direction  of  the  original  displacement* 

The  lcnowledge  of  the  vertical  temperature  gradient  is  of 
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prist  importance  to  the  study  of  pollution*  particularly  in  the 
lower  layers  of  the  atmosphere.  As  has  btan  mentioned  above*  it  can 
vary  within  wide  limits  as  a  result  of  heat  exo  hangs  with  the  ground. 
Attention  should  be  paid  to  ths  regularity  of  the  formation  of 
typical  temperature  gradients  and  their  variability  on  the  diurnal 
at  well  as  ths  annual  scale.  During  the  day*  the  ground  layer  of  sir 
is  heated  by  the  Sarth’o  surface  which  becomes  heated  fay  solar  radian 
tion,  so  that  thare  is  a  tendency  to  form  the  super-adiabatic  tampera- 
ture  gradient*  Conversely*  during  the  night  the  ground  layers  of  air 
lose  heat  to  the  cooler  ground  surface*  creating  the  conditions 
favoring  inversion.  This  regularity  is  eeen  particularly  clearly 
during  good  weather*  that  is*  during  cloudless  days  and  nights.  ?lg. 
V,6  shows  a  schematic  representation  of  the  possibility  of  ch angee  In 
the  vertical  temperature  gradient  in  the  lower  layers  of  the  atmsphen 


Fig.  V*6.  Graph  of  possible  changes  in  the  vertloal  temperatu¬ 
re  gradient  in  the  ground  layers  of  the  atmosphere  on  cloudless  days 
and  nights.  1.  Inversion;  2*  Average  gradient;  3.  Adiabatic  gradient; 
4.  Super-adiabatic  gradient. 

Legend:  a.  Altitude;  b.  Temperature. 

i 

Obviously,  the  temperature  gradient  may  ohange  with  altitude,  causing 
conditions  which  may  or  may  not  favor  the  dispersion  of  pollutanta 
in  the  atmosphere.  Several  characteristic  curves  showing  the  relation¬ 
ship  between  the  vortical  temperature  gr  -dient  and  the  altitude  are 
giver,  in  Fig.  V,7. 

Fig.  V,G  shows  a  schematic  representation  of  pollutant  disper¬ 
sion  depending  on  the  vertical  temperature  gradient.  Svidently*  case 
e)  is  the  most  disadvantageous*  where  the  inversion  layer  is  fomed 
at  the  level  of  ths  smoke  stack.  Soission  cannot  penetrate  thio  layer 
to  escape  into  the  upper  parts  of  the  atmosphere*  and  the  whole  mass 
of  pollutant  is  concentrated  in  the  ground  layer. 

The  frequency  end  duration  of  the  occurrence  of  the  typical 
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Pig.  V,7.  Characteristic  saca*plee  of  the  Chang*  of  temperature 
with  altitude.  1.  Diversion  layer  at  a  finite  altitude,  with  flea 
warn  air;  2.  new  of  a  cold  air  aaaa  at  a  noderate  wind  velocity 
layers  adjoining  the  ground;  3*  Inversion  in  the  ground  layer  of 
on  a  clear  night;  4.  Change  of  temperature  with  altitude  on  a  sun 
ewer  afternoon.  The  dotted  lines  represent  temperature  changes 
the  adiabatic  temperature  gradient. 


legend:  a.  Altitude]  b.  Temperature. 


Pig.  V,8.  The  nature  of  pollutant  dispersion  in  the  atmosphere 
depending  on  the  vertical  temperature  gradient,  a.  Super-adiabatic 
gradient;  b.  Average  gradient;  c.  Inversion;  d.  Inversion  layer  below 
emission  source;  e.  Inversion  layer  starting  above  amission  souroo. 


legend:  1.  Altitude;  2.  Temperature. 


vertical  tnaperatur*  gradient  rkluea  also  show  a  regularity  on  the 
«mual  Male.  Jig.  7,9  show*  a  graph  of  temperature  differeneee  at 
2  and  34  aetere  above  Potadam.  Xt  ie  aeon  from  this  Figure  that  the 
duration*  of  inversion  periods  are  such  longer  In  the  winter  than  in 
the  suaner.  This  is  due  entirely  to  the  fact  that  the  duration  of 
insolation  in  the  winter  is  such  shorter  than  it  is  in  the  auBsaer. 


& 
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Fig.  V,9.  A  graph  of  taaq>erature  differenoee  at  2  and  34 
asters  at  Potsdaa.  The  dotted  lines  represent  the  sunrise  and  the 
sunset. 

legend:  1.  Hourj  2.  Midnight  j  3*  Midday;  4.  Month. 

Although  the  formation  of  a  given  vertical  tenparature  gradient  ie 
most  strongly  affected  by  heat  exchange  with  the  surface  of  the  Sarth, 
it  should  not  bo  forgotten  that  othor  factors  are  also  significant. 
Wind  velocity  and  direction,  as  well  *s  the  nature  of  the  terrain  can 
have  a  significant  influence  on  the  f emotion  of  the  vertical  taapera- 
turs  gradient.  For  instance,  the  temperature  gradient  rapidly  beccoes 
adiabatic  as  a  result  of  the  nixing  of  the  individual  ataoepharlc 
layers  when  there  it  e  strong  wind  over  e  terrain  conducive  to  con- 
siderable  turbulence. 
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In  th«  eui  of  an  adiabatic  vertical  temperature  gradient, 
the  wind  Telocity  at  any  cine  altitude  ii  determined  tor  the  equation 


i/V-i 


(v,u) 


There  k  ia  the  Karataan  constant} 

To  the  tangantttl  wind  intensity  on  ground  lerelj 
T  ia  the  specific  gravity; 

s0  ia  the  roughness  of  the  ground  (this  quantity  is  a  measure 
of  length,  and  ia  nus»rloally  mqpreaaed  as  1/30  to  1/30  of. 
the  height  of  the  objects  present  an  the  ground*  For  instance 
to  for  terrain  covered  with  short  grass  is  0*1  on,  while  In 
the  case  of  terrain  overgrown  with  trees  about  10  net  ere  in 
height,  se  •  100  on.) . 


(V,12) 


The  equation  derived  ey  Deacon  (7,3)  ie  more  generals 


where  /d  la  a  parameter  dependant  on  the  value  of  the  vertical  tem¬ 
perature  gradient,  and  varies  between  0.6  for  inversion  conditions 
and  1.2  for  tuper-adiabatic  conditions.  The  quantity  d,  which  is  a 
Measure  of  length,  and  correspond*  to  the  height  of  closely  built-up 
urban  areas  of  the  height  of  trees  in  the  analysis  of  the  wind  velo¬ 
city  distribution  over  forests,  ia  frequently  emitted  in  aquation 
(V,12).  For  P  •  1,  aquation  (V,12)  becomes  identical  with  ths  Prandtl 
aquation.  Ths  wind  velocity  distribution  calculated  from  equation 
(7,12)  for  different  vertical  temperature  gradients  ia  shewn  in  Fig. 
V,10. 

Unfortunately,  the  complicated  Mathematical  fora  of  equations 
(7,11)  and  (7,1 2)  does  not  perevit  their  application  in  the  formulae 
for  dispersion  of  pollutants  in  the  atmosphere.  Instead,  a  simple 
relationship  derived  by  0.  G.  Sutton  on  the  basis  of  the  statistical 
theory  of  turbulence  ie  soplcyedt 


-M-)5 

«»  u  j 


(7,13) 


where  vx  is  the  average  wind  velocity  at  an  altitude  *1$ 

n  is  the  Meteorological  exponent  dependent  on  the  value  of 


Fj|<  V,20.  Graph  of  the  changes  in  wind  velocity  with  altitude 
for  difforant  values  of  the  vortical  temperature  gradient.  1*  Invertic^j 
2.  Adiabatic  temperature  gradient;  3»  Super-adiabatic  temperature 
gradient. 

Legend!  a.  Wind  velocity. 

Zb  is  accepted  la  the  science  of  meteorology  to  Measure  wind 
reloelty  at  16  aster*  above  the  ground  level. 

the  values  of  the  meteorological  exponent  n  are  given  in 
Table  V,l. 

Table  7,1 

i 

Values  of  n  for  various  meteorological  conditions 


Type  of  flew 

Wind  velocity,  n/seo 

Temperature 
gradient  oc/100  a 

Exponent  n 

(average) 

Turbulent 

7 

1.0 

0.2 

Transitional 

5 

0.6 

0.25 

Laminar 

2 

0.2 

0.5 

Sfcjqaa&alteBft  jajateLatea Ate 

the  actual  wind  velocity  at  any  given  point  is  usually  deter¬ 
mined  with  the  aid  of  four  component  vectors  t  the  vector  of  average 
Mihd  velocity  In  the  direction  of  the  x-axls,  and  three  pulsation 
components  v»  ,  v»  end  ▼*  in  three  directions  perpendicular  to 
axes  x,  y  and  *  respectively.  the  sue  of  these  four  vectors  gives 
the  actual  wind  velocity  at  a  given  point  and  moment  of  time.  In 
accordance  with  definition,  the  mean  value  of  each  of  tha  three 


pulsation  e  capon  enta  over  a  sufficiently  long  period  of  tint  is  tore* 
Therefor*,  any  anemometer  with  *  relatively  high  inertia  fives  the 
average  mind  velocity* 

The  following  expressions  have  been  aoeepted  as  the  measure 
of  turfculenoe  in  the  direction  of  the  individual  axest 


9.  - 1/?7 

r  vl 

(V,lAa) 

"■/i 

(V,14b) 

(7,li*c) 

The  tur»  -  wind  is,  in  principle,  independant  of  its 

velocity,  but  dr..  .  to  a  considerable  degree  on  the  vertical 

temperature  gradient.  At  low  altitudes,  turbulence  is  essentially 
non-isotropic,  i.e.,  g*  t  By  J*  S*>  but  according  to  some  authors 
(V,l),  it  becomes  fully  isotropic  at  altitudes  above  25  meters. 

6.  Mean  wind  direction  end  deviations  therefrom 

It  is  self-evident  that  the  direction  of  wind  influences  in 
a  decisive  manner  the  distribution  of  pollutants  in  the  vicinity  of 
a  given  emission  source*  The  highest  pollution  concentrations  will  be 
found  downwind  from  the  source,  which  is  alco  seen  from  the  formulas 
given  in  chapter  VI*  In  order  to  define  the  degree  of  pollution  of 
an  area  surrounding  a  given  emission  source,  it  is  neceosary  to  know 
the  average  annual,  or  better  still,  s  long-term  frequency  of  wind 
directions*  In  meteorology,  this  data  is  given  in  the  form  of  tables 
or  graphs.  As  a  rule,  the  tables  or  graphs  give  the  frequency  of 
winds  in  the  individual  directions,  taking  into  account  the  distri¬ 
bution  of  wind  velocities.  Pig.  V,ll  and  Table  V,2  shew  the  frequency 
end  velocity  of  winds  in  given  directions. 

It  should  be  stressed  that  the  data  on  wind  frequency  end 
direction  can  vary  within  relatively  wide  Unite*  For  this  reason, 
reliance  on  meteorological  data  obtained  from  a  weather  station 
between  a  few  end  several  tens  of  kilometers  from  the  emission 
source  under  study  may  lead  to  false  results*  It  would  be  most  appro¬ 
priate  to  cany  out  wind  velocity  and  direction  measurements  in  the 
immediate  vicinity  of  the  source  of  emission*  If  this  is  impossible. 
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fig*  V,ll.  Bos*  of  the  winds  representing  the  frequency  of 
vdnds  of  various  velocities  and  in  various  directions 

use  should  be  made  of  the  data  obtained  at  the  nearest  meteorological 
station,  making  a  careful  analysis  of  the  possible  divergence  of 
these  data  from  the  conditions  In  the  region  of  interest,  particularly 
taking  into  account  the  different  topographical  conditions. 

Table  7,2 

Average  annual  frequency  of  winds  in  given  directions,  with  a 
division  into  velocity  distribution,  in  percent 
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legends  1.  Velocity,  in  ta/snc;  2,  Directions  of  winds;  3« 
Total;  4.  Grand  total. 
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Fig.  V,12.  Recording  of  variations  in  tha  direction  of  the 
four  characteristic  types  of  wind:  a*  Type  A;  b*  Type  B;  c.  Type  Cj 
d*  Type  0« 

The  magnitude  of  the  variation  in  wind  direction  has  also 
a  considerable  effect  on  the  pollutant  concentration  at  the  Individual 
points  around  the  source  of  emission* 

The  deviation  of  the  wind  from  its  prevailing  direction  is 
connected  with  the  general  turbulence  of  the  air.  W*  P*  Lowry  (V,4) 
distinguishes  four  different  types  of  wind  depending  on  the  magnitude 
and  frequency  of  deviation  from  the  prevailing  direction  of  winds. 
Chart  recordings  of  these  wind  types  are  shown  in  Fig*  ?,22«  These 
have  been  used  as  the  basis  for  the  graphs  shown  in  Fig*  V,13,  which 
represent  deviation  frequency  of  the  different  types  of  wind* 

A  comparison  of  these  graphs  shows  that,  other  parameters 
being  constant,  type  A  wind  so  otters  all  emission  aver  a  segment  with 
an  angle  of  40°,  while  type  D  wind  scatters  the  same  amount  of 
•mission  over  a  segment  with  an  angle  of  about  2°  (ignoring  diffusion 
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Obviously,  pollutant  concentration  In  the  second  ease  will  be  incompa¬ 
rably  greater  than  in  the  first. 


(jj)  Oicty t*it  wiatru,’ 


Mthqlerti  main,* 


•4r=M~-w  •  »  »  4*  -  -er^r=* i  )4  ’ 

(t)  OScMsnfr  absent,*  @Qdctojknit  wiatru  * 

Fig.  7,13.  Distribution  of  deviations  of  the  four  types 
of  characteristic  Hindi  a.  Type  Aj  b.  Type  B;  c.  Type  Cj  d.  Type  D. 

legend:  1.  Frequency;  2.  Deviation. 

On  the  other  hand,  in  the  case  of  large  deviations  from  the 
prevailing  direction  of  the  wind  (types  A  and  B),  pollutant  concent 
tion  censured  at  any  given  point  depends  largely  on  the  duration  of 
aampllng.  In  the  cue  of  measurement*  lasting  over  short  periods  of 
tine  the  results  nay  show  differences  amounting  to  the  order  of 
magnitude  of  the  measurement  Itself,  both  between  themselves,  end 
between,  the  sverege  results  of  measurements  luting  several  hours. 
This  phenomenon  is  explained  graphically  in  Fig.  V,14. 
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Fig.V,14«  Pollutant  distribution  as  a  function  of  the  duration 
of  sampling. 

AB  -  the  plane  in  which  tha  sampling  ia  made;  POK  -  distribu¬ 
tion  of  pollutant  concentrations  obtained  from  long-term  sampling; 

CUE  -  distribution  of  pollutant  concentration  resulting  from  a  brief 

sampling. 

Ingand ;  1.  Average  wind  direction. 


7.  The  Richardson  number  and  't  he  uhencraenon  of  atmospheric 


Mo  generally  accepted  theory  of  atmospheric  diffusion  has 
been  developed  to  date.  Nonetheless,  there  are  many  approximate 
methods  of  determining  diffusion  coefficients  applicable  to  various 
,  atmospheric  conditions. 

Among  the  first  to  be  developed,  the  Richardson  (7.5}  and 
Roberts  (V.6)  theory  of  turbulent  diffusion  is  bated  on  the  premise 
that  the  value  of  the  atmospnerlc  diffusion  coefficient  Is  proportion¬ 
al  to  the  molecular  diffusion  coefficient.  This  theory  assumes  that 
|  static  stress  X  and  vertical  heat  stream  q  In  the  lower  layers  of 
the  atmosphere  st  altitudes  up  to  50  meters  are  constant  under  given 
meteorological  conditions.  The  second  assumption  visa  that  air  turbu¬ 
lence  can  oily  be  caused  by  a  supply  of  energy  from  outside. 

'See  oaslc  sources  of  energy  are j 

1,  The  work  of  tangent  stress  equal  to  t  v„: 

2,  Supply  of  heat  from  outside  equal  to  OR* 

If  the  heat  stream  is  small,  then  air  turbulence  is  caused 
mainly  by  tangerit^bres#  resulting  in  forced  convection.  In  the 
opposite  case,  when  7V  is  small  Sr*  comparison  with  qgV’CpT. 


?Q 


I'—- - — . . . . . . . .  . .  ■  . . . . . — - - 

j  turbulence  is  caused  mainly  by  the  forces  of  bouyoncy  of  sir  masses 
1st  different  temperatures  (free  convection). 

The  degree  and  r store  of  turbulence  in  these  two  cases  depends 
or  the  value  of  the  ratio 


CpTrvw 

In  view  of  the  difficulties  associated  with  the  measurement 
of  tii a  heat  stream  q  and  static  stress  <7 ,  Richardson  introduced 
an  analogous  expression  for  air  turbulenoe  which  takes  into  account 
the  vertical  temperature  gradient  and  wind  velocity*  This  is  the  so* 
called  Richardson  number,  expressed  as 

3T\  (Vfl6) 

3s  ) 


Fig*  V,  15  shows  the  results  of  turbulence  measurements  as  a 
function  of  Rf  according  to  2.  Deacon  (V.2).  The  circles  represent 
the  measurements  of  the  heat  stream  and  t  r  nftt  1  ill  strses*  while  the 
crosses  stand  for  the  vertical  temperature  ;?r&dieat  emc  wind  velocity 
meaaurenitc.te  at  different  altitudes# 


Fig*  V,15»  CJr&ph  of  the  dependence  of  air  turbulence  on  the 

Iiioh&rdson  number 


Legends  1*  Air  turbulence}  2,  .if  number. 
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Although  the  maabers  Rf  and  Ri  describe  in  a  univocal  Banner 
the  degree  end  nature  of  atmospheric  turbulence,  their  application 
la  the  problems  of  atmospheric  diffusion  and  dispersion  of  pollutants 
in  air  leads  to  very  complicated  relationships* 

A  elder  application  is  enjogred  by  the  theory  of  turbulent 
diffusion  developed  by  0*  0«  Sutton  (V.fi  end  V*9)  on  the  beeie  of 
the  Taylor  theory  (V.10),  assuming  that  the  individual  pollutant 
elements  move  in  e  random  manner  in  accordance  with  the  disordered 
state  theory  of  Markov* 

0*  G*  Sutton  has  solved  the  Taylor  diffusion  aquation 
assuming  a  certain  form  of  the  Lagrange  function  which  describes 
the  medium's  turbulence.  In  Sutton's  assumption,  the  Lagrange  function 
in  the  case  of  atmospheric  diffusion  depends  on  the  meteorological 
exponent  n,  kinematic  viscosity  -9  ,  and  tha  mean  square  of  wind 
pulsation  rate  in  the  direction  of  diffusion  (for  Instance,  7'^ 
for  direction  x)* 

Using  these  assumptions,  Sutton  derived  the  following  equations 
for  diffusion  coefficient: 

(7* 17a) 


(7.17b) 


(V.17c) 


Although  the  vertical  temperature  gradient  does  not  appear  In 


these  formulas,  it  is  taken  into  account  in  expressions  of  the  type 


J‘  <*®P®ntlant‘  on  Bf  or  Ui. 

Table  7,2  shows  the  values  of  diffusion  coefficients  Gy  and 
C»  for  various  conditions  of  air  turbulence  (for  various  n)  and  for 
different  elevations  of  emission  sources.  The  values  of  diffusion 
coefficient.  C*  in  the  direction  of  the  wind  have  not  been  given, 

* 

«■**■«—»  —  — ■  i  -  ««— -  —  — n.  »  . in "  . .  wm  — — —  ■!■■■  —  ,, 


c, 

Cy 

C, 


4  v" 

(1  -  »)  <2  - 


:(%) 


4  ¥* 

(1-  n)(2  -  n)$l 
(1  -  n)(2  -  n)0:  (  vi,  J 


since  this  tern  la  ignored  in  all  solutions  as  being  negligible  in 
comparison  with  the  wind  velocity  It  follows  from  the  values  of 
coefficients  Gy  and  Cx  given  in  Table  V,3  that  at  sn  altitude  of  25 
meters  Cy>  Ca,  while  above  25  meters,  atnospherlo  turbulence  is 
isotropic  (Cy  a  Cz).  However,  numerous  observatlone  have  shown  that 
this  oondltion  is  not  fulfilled  in  the  oeee  of  inversion,  sad  that 
Cy  >C2  st  altitudes  greater  than  25  meters. 

In  dsrlvlag  his  formulas  for  diffusion  coefficients,  0*  0. 
Sutton  assumed  that  the  surface  of  the  earth  is  earodyntoloall? 
smooth,  although  this  assumption  is  not  justified  in  most  oases.  As 
e  result,  the  pollutant  concentration  values  calculated  on  the  basis 
of  the  values  given  in  Table  7,3  are  e  little  higher  then  actual.  Xn 
his  subsequent  work  (7*7),  0.  G.  Sutton  proved  that  the  aerodynamic 

Table  7,3. 

Values  of  coefficients  Oy  and  C*  under  various  meteorological 

conditions 


0,34  ; 

0,24  1  0,14 

0,15  0,09 

0,12  ;  0y07 

0,34 

0,24  j  0,14 

0,15  j  0JO9 

0,12  i  Ofl7 

0,14 

f- 0.090 

ojm 

0,13 

k  0,045 

ofita 

0,12 

l  ojom 

‘  9  _ ■ 

0,050 

Legends  1.  Altitude  above  ground  level. 

roughness  of  the  earth's  surface  can  be  taken  into  account  by 
replacing  the  values  for  kinematic  viscosity  in  equation  (V,17)  by 
a  parameter  characterising  the  earth's  surface,  i.e.,  by  the  so-called 
macro-viscosity.  It  is  defined  as  the  product  of  velocity  and  the 
roughness  of  the  terrain. 

In  the  Boeanquet  and  Pearson  equations  for  dispersion  of 
pollutants  there  are  diffusion  coefficients  denoted  by  the  symbols 


Table  V,4. 

Values  of  coefficients  p  and  o  under  v&rioua  meteorological  conditions 


V 

f  BunhwoiC 

* 

: 

« 

#/# 

0/12 

0,04 

0,50 

©Siednta 

0/» 

0,08  j  0,63 

0*10 

0,16  j  0,63 

legend*  1*  Turbulence;  2.  Lowj  3.  Medium;  4*  High. 

p  and  q.  The  values  of  the  diffusion  coefficient,  p  in  the  vertical 
direction  have  been  calculated  on  the  basis  of  static  stress  between 
atmospheric  Infers,  vertical  velocity  gradient,  photographs  showing 
the  dispersion  of  pollutants  emitted  from  stacks,  and  studies  on  the 
stoppage  of  small  smoke  clouds  near  the  earth’s  surface.  The  v&luee 
of  the  diffusion  coefficient  q  in  the  horizontal  direction  have  been 
calculated  from  the  horizontal  motions  of  small  balloons. 

The  average  values  of  coefficients  p  and  q  are  given  in 
Table  V,4. 

Bibliography 

V.l.  A.  C*  Best,  Transfer  of  heat  or.d  momentum  in  the  lowest  layers 
of  the  Atmosphere.  Geophysical  tuxnoir  Mo  65  Great  Britain  Keteo- 
rologiual  Office,  Lender.  19.35*  i 

V.2.  S.  L.  Deacon,  "The  problem  of  atmospheric  diffusion".  Int.  Journ. 
of  Air  Pollution,  1959,  No  1,  p.  92. 

V.3»  E.  L.  Deacon,  Vertical  diffusion  in  the  lorest  layer  of  the 
atmosph^i'e.  Quart.  J.  Ucy  Steteorol.  Soc.  1949,  i*o  323,  p.  69. 

|  V.4.  F‘.  H.  Lew/,  Microclimate  factors  in  smoke  pollution  fro o  tall  ! 
stacks.  ketsorol.  Monographs.  1951,  No  4,  p.  24.  j 

7.5.  L.  ?,  Richardson,  Supply  of  energy  fr:*n  and  to  atmospneric  eddies  ► 
!  Pros.  Hoy.  3cc.  19210,  No  97,  p*  354. 

I 

I 

|  7«u„  0.  ?.  T,  Roberts,  TV.e  theoretical  scattering  of  smoke  in  a 
!  turbulent  atmosphere.  Prcc.  Roy.  Soc.  1923,  No  104,  P*  6iO. 

I  7.7.  Q.  0.  Sutton,  Atmospheric  turbulence.  New  fork  1949. 


XC2 


V«8.  0*  0.  Sutton,  Theory  of  eddy  diffusion  in  turbulent  atmosphere* 
Proo.  Roy*  Soo.  1932,  No  135,  pv  143« 

V.9»  0*  0.  Sutton,  Wind  structure  and  evaporation  in  turbulent 
atmoaph ere*  Proo*  Ho/.  Soo.  1934,  No  146,  p*  ?Q1. 

7*10*  G.  !•  Taylor,  Diffusion  by  continuous  movements*  Proo*  London 
Math.  Soo*  1922,  No  20,  p*  196* 

V.U.  L*  Facy,  Intervention  des  feeteur  meteorologiquea  den*  pollution 
ataospherique*  Revue  d'APPA,  1959,  No  2,  p.  41* 


103 


Chapter  VI 


Btoateni  the  j&ssszbm 

1.  Introductory  remarks 

nearly  all  calculation  formulas  concerning  the  dispersion  of 
pollutant  s  in  the  atmosphere  are  derived  free  the  general  diffusion 
equation 


as 

at 


±r  J$+.±c  S  +  ± 
ax  '*  Bx  ay  y  By  Sz 


(VI.1) 


where  x,y,e  are  the  rectangular  coordinates;  axis  x  paints  In  the 
direction  of  the  wind,  axis  y  ie  horizontally  perpendi¬ 
cular  to  it,  while  axis  t  points  upwards; 

C3c,CLr,C2  arc  coefficients  of  atmospheric  diffusion  In  the  direc- 
_  *  ticne  x,  y  and  t, 

is  the  average  wind  velocity  in  the  direction  of  x; 
ie  the  mean  pollutant  concentration  at  a  given  point, 
being  an  average  of  samplings  lasting  at  least  three 
minutes  each* 


5 


Equation  (71,1)  is  valid  csj  the  assumption  that  the  pollutant* 
have  the  properties  of  the  surrounding  parcels  of  air,  i.e.,  they 
do  not  fall  under  the  fores  of  gravity,  nor  do  they  rise  upward  with 
respect  to  the  surrounding  air  as  a  result  of  aerodynamic  forces* 

There  are  many  solutions  in  the  literature  of  the  fundamental 
diffusion  equation  (VI, 1)  derived  for  tha  various  characteristic 
types  of  amission  sources* 

Depending  on  their  geometry,  we  diet  ingulf  the  following 
emission  sources: 

1*  Point  sources; 

2*  line  sources; 

3.  Plane  sources. 

Further,  emission  aourewe  a re  divided  into  continuous  and 
interaittent  depending  cm  the  character  of  emission* 


Depending  on  their  elevation,  emission  sources  are  divided 


into  those  At  the  ground  level  (H  •  0),  and  source*  at  a  finite 
elevation  H. 


3h  Industry,  we  usually  encounter  continuous  point  or  line 
emission  sources  at  a  finite  elevation  with  respect  to  the  surrounding 
terrain*  These  are  the  industrial  smoke  stacks;  stacks  standing 
singly  as  point  sources,  and  stacks  standing  in  series  across  the 
direction  of  the  wind  as  line  sources*  A  plane  source  may  have  the 
form  of  a  number  of  stacks  treated  as  a  unit  (for  instance  the  chimney 
of  domestic  hearths  in  closely  built-up  urban  areas). 

Intermediate  emission  sources  are  encountered  almost  exclu¬ 
sively  In  all  sorts  of  explosions*  Obviously,  these  sources  can  be 
encountered  at  various  elevations* 


A  characteristic  example  of  continuous  plane  emission  can  be 
seen  in  smoke  screen  tombs  used  in  war  operations. 

2*  Calculation  fomulas  for  the  individual  types  of  emission 
sources 

2.1.  Point  sources 


The  concentration  of  pollutants  emitted  by  a  point  source  at 
the  ground  level  (H  »  C)  can  be  calculated  from  the  Sutton  foraulat 


S(xty,z ) 


2  E 

_  -  ■  •  exp 
n  Cy  C,  vw  x*~" 


(VI,2) 


where  3  is  the  pollutant  concentration; 

E  is  the  amount  of  pollutants  emitted  per  unit  time. 


The  formula  for  pollutant  concentration  in  emission  from  a 
•source  situated  at  a  heigit  H  above  the  ground  level  is  given  by 
O.  G.  Sutton  in  the  following  fora: 


E 

S(x,y,z)  -  —  exp 

.1  Cy  Cf  X*~* 


exp 


i-M 

1! 


exp 


-  (2  ~  H)* . 

c^-;"l  + 


Crc,3> 


-  (z  -4-  ny 

"c5*M 


On  substituting  H  *  0,  this  equation  becomes  identical  with  * 
(VI, 2),  while  for  z  *  0  this  equation  gives  the  pollutant  concentra- 
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(VI,4) 


tion  at.  ground  level. 


SM  -  ncrck^ “•["  c&-  -  £r\ 

let  order  to  deters  dne  t^he  distance  from  the  itouree  of  emission 
%!X  at  which  the  maximum  pollutant  concentration  at  ground  level  is 
encountered,  it  is  necessary  to  differentiate  equation  (VI, 4)  and 
substitute  y  *  0  and  a  *  0.  Hence  we  obtain 


H\& 


*■«** 


(*) 


H 

C, 


(VI, 5) 


The  maximum  pollutant  concentration  at  ground  level  is 

- (§0  -  0,235  J-  (&)  (’n'4> 

net  >wH*'Cyi  v^fPyCyf 

If  the  turbulence  Is  isotropic  (C./;  »  C,0,  then  equation  (11,6) 
is  simplified  to  assume  the  fom  ” 


0,235 


E 

u*H* 


(VI, 7) 


The  equation  derived  by  Boeanquet  arid  Pearson  (VI.  3)  has  a 
somewhat  different  mathematical  form.  Pollutant  concentration  at 
ground  level  at  any  given  point  defined  by  coordinates  x  and  y, 

|  assuming  the  elevation  of  emiscion  to  be  H,  is  determined  by  the 
relationship 


S(xy) 


E 


|  2npqv„a* 


~~-exp  ~ 


*L  _  _!/*_ 

px  2  fax)* 


(vi, 8) 


Using  the  Boeanquet  and  Pearson  equation,  we  can  calculate 
the  distance  of  the  maximum  pollutant  concentration  at  ground  level 

•t-mi  x  33  ^  (VI,  9) 

and  the  maximum  pollutant  concentration  * 

_4*  -P--  Wi.-_*  i  (TI'M) 

J  2*e*v*H*  q  tAH*  q 


106 


’» 


The  concentration  of  pollutants  eraitted  from  a  point  source  ^ 
into  an  atmosphere  characterized  by  the  adiabatic  vertical  temperature 
gradient  can  be  calculated  from  the  approximate  relation  ship  derived 
by  Calder  (71,4) 


Ev~ 


r 


(VI, 11) 


where  k  is  the  Ka reman  constant; 

a  is  the  degree  of  turbulence; 

Tf0  is  the  tangen. stress  between  two  atmospheric  layers; 

/'is  the  specific  gravity* 

Holland  (71,13) gives  the  following  formula  for  tea  distribu¬ 
tion  of  pollutant  concentrations  along  the  x-axis  in  the  case  of  the 
adiabatic  temperature  gradient  and  at  a  high  wind  velocity 


S- 


_ 2E 

*CyC,  t£(*»  +  H*r? 


(vi,12) 


In  the  case  of  a  vertical  temperature  gradient  such  ae  shown 
i  in  Pig*  V,8e,  the  pollutant  concentration  distribution  at  ground  level 
)  along  the  x-axia  according  to  Holland  (71,13)  can  be  calculated  from 
the  formula 

S  - - ~ 


_  _  i~» 

V  nCyVvHtx  $ 


(VI,  13) 


where  H*  ia  the  altitude  at  whioh  the  inversion  layer  begins 
(obviously,  H)* 

2*2*  line  sources  of  emission 


The  formula  derived  by  0.  5.  Sutton  for  the  concentration  of 
pollutants  emitted  from  a  line  source  of  continuous  emission  has  the 
following  fora: 


Sf(x,z)  -  **  eacpf-  **-— 

\nC,t>wx*  l  C5a^"* 


(vi  M 


for  a  source  situated  at  ground  level* 
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In  thia  equation  it  has  been  assumed  that  the  source  is  Infin¬ 
itely  long,  end  consequently  the  pollutant  concentration  does  not 
depend  on  the  y-eoordinate.  The  quantity  2^  denotes. in  this  csss  the 
amount  of  pollutants  emitted  in  unit  time  per  unit  length  of  source* 

The  concentration  of  pollutants  emitted  from  a  line  source 
situated  at  a  height  H  above  ground  level  is  described  ter  the  equation 


(,  +  W|  <”.«> 


E,  I  <*-w ,  ___<«+w'| 

s>Mm  -L  t*  “»  -  T-7  +  “p  C.J- 

\nC,vwx  « L  c*  J 

Substituting  s  *  0  in  (VI,  15),  we  obtain  a  relationship 
expressing  the  pollutant  concentration  at  ground  level 


«  2  Si 

*1(m)  "  '  «cp  - 

|/sC|VvZ  • 


H* 

.  »-» 
c5*r 


(VI,16) 


Differentiating  aquation  (17,16)  with  respect  to  x  and  equating 
with  aero,  we  obtain  the  distance  at  which  the  maximum  pollutant 
concentration  arises 


(71,17) 


Therefore,  the  oaximac  pollutant  concentration  on  ground 
level  is 


S , 


mmx 


.  2  EL  0,484  Ef 

vwH  v„H 


(71,18) 


;  According  to  Bcsanquet  and  Pearson  (71,3),  the  ground  level 
!  concentration  of  pollutants  emitted  by  a  line  source  at  a  height  H 
|  can  be  calculated  frem  the  formula 


(71,19) 


In  similarity  with  equation  (71,16),  we  can  use  the  Boeanquet 
equation  to  calculate  the  distance  from  the  source  at  which  the 
maximum  pollutant  concentration  occurs 


V- 


(VI,  20) 


and  the  value  q£  the  maximum  pollutant  concentration  is 

1$.  m  Ei~  -  0,368  3~ 
rw  ev»H  vwn 


v«,H 


(VI,  21) 


For  a  line  source  situated  at  a  height  H  **  a,  Calder  derives 
a  relationship  vhich  is, valid  only  in  the  case  of  an  adiabatic  verti¬ 
cal  temperature  gradient 


k  Uo* 


(VI,22) 


where  the  symbols  are  identical  with  those  used  i*»  equation  (VI,11). 
When  determining  the  concentration  of  dust  pollutants  anitted  by  any 
given  source,  it  is  necessary  to  take  Into  account  aloe  the  settling 
velocity  of  the  individual  du*-t  granules.  On  the  basis  of  theoretical 
considerations  of  D.  H.  Luces  (VI. 12),  we  can  accept  that  if  the 
settling  velocity  of  dust  particles  Up  io  greater  than  0.1  of  the 
average  wind  velocity  yw,  then  in  addition  to  the  forces  of  atmosphe¬ 
ric  diffusion,  6.  considerable  influence  on  the  movement  of  particulate 
matter  in  air  it  exert  ad  by  the  for  ce  of  gravity.  However,  if  the 
u_/vw  ratio  ie  less  thaw  0.05*  the  decisive  effect  on  the  movement 
OT  duet  particle*  la  exerted  by  atmospheric  turbidity,  and  the  parti¬ 
cles  are  subject  to  the  laws  of  diffusion  with  en  accuracy  sufficient 
fer  practical  calculations. 

! 

|  H.  K.  Krieb  (VI. 9)  applied  0.  G.  Sutton's  equation  (VI, 3)  to 

the  calculation  of  the  distribution  of  pollutant  concentrations. 

The  phenomenon  of  dust  settling  on  the  surface  of  the  earth  can  be 
taken  into  account,  mathematically  be  removing  from  equation  (VI, JJ) 
the  tern  exprosolng  the  rebound  of  pollutants  from  the  earth's  surface 


(s+jon 
C*  x*-n  ) 


•  The  taking  into  account  of  the  finite  settling 


velocity  of  dust  particles  amounts  to  the  substitution  .in  the  equation 
of  the  quantity  a  by  the  quantity 


■  up 

z  -f  x 
tv 


(VI, 23) 


Such  substitution  means  that  the  horiaontal  axle  of  the 
pollutant  dispersion  cone  is  inclined  to  the  horizontal  at  an  angle 
equal  tot 


(VI, 24) 


t*Y 


When  *11  the  above  assumptions  art  taken  Into  account,  w* 
obtain  tha  following  equation: 


9  ’ -  /  n.  v<1 

— a^~J 


where 


\IVMW 

Sf  is  the  mount  of  particulate  natter  characterised  by  a 
given  settling  velocity  Up  emitted  per  unit  time. 


0.  H.  Bocaaquet  and  J*  L*  Pearson  (VI, 2)  give  a  semi-empirical 
equation  for  the  concentration  of  particulate  pollutants  emitted 
free  a  eouroa  at  a  height  H«  This  equation  was  obtained  from  equation 
(VX,8),  additionally  taking  into  account  the  settling  velocity  of 
duet  particles  Up 


(VI, 26) 


3h  the  case  of  particulates  having  a  alow  settling  velocity, 
equation  (VI,  26)  becomes  Identical  with  equation  (VI,8). 

.  3,  .Calculation  of  dustfall 

For  technical  reasons,  it  it  frequently  more  convenient  to 
measure  dustfall  than  the  concentration  of  particulate  matter  in  air* 
Since  the  dustfall  is  a  function  of  dust  concentration  in  air,  it 
can,  in  acme  oases,  be  re-calculated  In  terms  of  dust  concentration, 
and  vice-v«rsa* 


The  clearest  theoretical  transition  from  duet  concentration 
to  dustfall  has  been  derived  b7  X.  H.  Krieb  (VI.9)*  The  starting 
point  is  provided  by  equation  (VI,  2$)  for  duet  concentration  at  any 
given  point  within  the  coordinate  system  xys*  In  order  to  obtain  the 
value  of  dustfall,  it  is  necessary  to  integrate  equation  (VI, 25)  with 
respect  to  y  and  x  for  a  constant  x*  The  limit*  of  integration  should 
be  chosen  so  as  to  obtain  the  amount  of  dust  settling  on  the  earth's 
surface  at  a  distance  x  from  the  source.  Thus,  the  limits  with  respect 
to  y  will  be  from  -  co  tot  at,  while  with  respeot  to  %  they  will  be 


I 


f*ota  -  ao  to  0*  The  solution  of  the  integer  hus  the  i'orw 


f /•+*-£  n  + 


(VI, 27) 


In  this  equation 


~  x-H 

?w _ 

Hi 

CtxT 


(V I, 26) 


Function  (p1  (  )  ia  tns  Oeuea  error  function,  and  has  the  form 


»r 

<£(v)  ■*  -  2~  fe'1  dy 


(VI, 29) 


The  values  of^thi*  function  ore  giver.  in  Table  VI, I.  Pividlng 
©'.nation  (Vj,;>V)  ty  *7W,  *ie  obtain  one  amount  of  dust  (in  percent) 
which  has  settle  at  a  distance  x 


*  «  0,5 1 1  -f-  ^(^)J 


VI, 30) 


!  figs*  VX,1  and  VI, 2  .jive  the  curves  of  •!  s  f(x)  for  various 

i  values  of  parameters  entering  into  aquation  (VI, 30).  On  the  basis 
!  of  these  graphs,  it  is  possible  to  estimate  the  influence  of  the 
fc.etsorclogleoi  exponent,  n  and  the  set’. ling  velocity  ua. 

**  L  —  "  ■' 


#•«>/* 

f.-QM* 


j  @  MfyUftf  ko<ni/*>,m 

i  fig.  VI,1.  The  percentage  ajno.uit  of  dust  settling  as  a 

|  function  of  distance  fr ov  t  source  of  emission  at,  elevation  ii  ®  100 
!  meters,  wind  velocity  vv  =  r,  B./aec,  and  &  settling  velocity  of  dust 

La pend:  1.  Dustf&xl;  2.  Distance  from  stack. 


m 


• : 


Pig*  VI, 2.  The  percentage  amount  of  dost  settling  u  a  function 
of  distance  from  a  sourca  of  emiaaion  at  elevation  H  *  100  metera, 
wind  velocity  vw  *  5  m/ sac,  and  a  settling  velocity  of  duat  particles 
Up  *  C»1  o/m«. 

legend:  1*  DustXall;  2*  Distance  from  stack* 

It  la  characteristic  that  all  the  curvas  oorraaponding  to  a  givsn 
settling  velocity  intersect  at  one  point  at  which  <&«  50%,  The  abacissn 
at  this  point  corresponds  to  the  distance  from  emission  source  at  which 
a  particle  having  a  settling  velocity  of  Up  falls  to  the  ground, 
assuming  that  the  movement  is  of  the  laminar  type*  This  distance  can 
be  calculated  from  the  formula 


We  see  from  Pigs  71,1  and  VI,  2  that  the  entire  amount  of  duet 
settles  nearer  to  the  point  determined  by  equation  (VX,31)  with  an 
increase  in  the  value  of  the  meteorological  exponent,  i.e*,  with  a 
decreased  turbulence  of  six*  The  same  effect  is  also  exerted  by  an 
increase  in  the  ratio  of  settling  velooity  up  to  wind  velocity  vv* 

The  actual  amount  of  duatfall  is  calculated  from  the  percentage  amount 
by  multiplying  equation  (VI, 31)  by  3^ 


ft-eEfCt 


(VI, 32) 


By  differentiating  this  equation  with  respeot  to  the  distance 
x,  we  obtain  the  value  of  duatfall  0^  par  unit  length  (distance)  and 
unit  time 


Ji 


Table  71,1. 


Value# 

of  the 

G&uea 

function  ( 

n 

<K»?) 

7 

n 

*(>>) 

»/ 

<*v> 

0,00 

0,000 

0,40 

0411 

040 

0,376 

140 

0,770 

1,60 

0,890 

0,01 

0,006 

0,41 

0418 

041 

0,582 

1,21 

0,774 

1,61 

0,893 

0,02 

0,016 

0,42 

0,326 

042 

0,588 

142 

0,778 

1,62 

0495 

0,03 

0,024 

0,43 

0433 

0,83 

0,393 

143 

0,781 

1,63 

0497 

0,04 

0,032 

0,44 

0440 

044 

0,399 

144 

0,785 

1,64 

0,899 

oja 

0,040 

0,45 

0447 

045 

0,605 

145 

0,789 

1,65 

0,901 

0,06 

0448 

046 

0434 

046 

0,610 

146 

0,792 

1,66 

0,903 

0,07 

0,036 

047 

0462 

04? 

0,616 

147 

0.796 

1,67 

0,905 

0,0i 

0,064 

0,48 

0469 

048 

0421 

148 

0400 

148 

0,907 

0,09 

0472 

0,49 

0476 

049 

0,627 

149 

0403 

14® 

0,909 

0,10 

0,080 

040 

0483 

0,90 

0,632 

140 

0406 

1,70 

0,911 

Ml 

0488 

041 

0490 

0,91 

0,637 

131 

0410 

1,71 

0,913 

0,12 

0496 

042 

0497 

0,92 

0,642 

132 

0,813 

1,72 

0,915 

0,13 

0,103 

043 

0,404 

0,93 

0,648 

1,33 

0,810 

1,73 

0,916 

0,14 

0,111 

0,54 

04*1 

0,94 

0,653 

144 

0,820 

1,74 

0,918 

0,13 

0,119 

049 

0,418 

0,95 

0,658 

135 

0423 

1,75 

0,920 

0,16 

0,127 

0,56 

0,425 

0,96 

0,663 

136 

0426 

1,76 

0,922 

0,17 

0,133 

0,57 

9,431 

0,97 

0,668 

137 

0429 

1,77 

0.923 

0,18 

0,143 

0,58 

0,438 

0,98 

0,673 

138 

0432 

1,78 

0,925 

0,19 

0,151 

049 

0,445 

0,99 

0,678 

139 

0425 

1,79 

0,927 

0,20 

0,1?9 

0,60 

0,451 

1,00 

0,683 

1,40 

0438 

>40 

0,928 

0,21 

0,166 

0,61 

0,458 

1,01 

0,688 

1,41 

0,841 

1,81 

0,930 

0,22 

0,174 

0,62 

0,465 

1,02 

0,692 

1,42 

0,844 

142 

0,931 

0,23 

0,182 

0,63 

0,471 

1,03 

0,697 

1.43 

0447 

1,83 

0,933 

0,24 

0,190 

0,64 

0,478 

144 

0,702 

1,44 

0450 

144 

0,934 

0,25 

0,197 

0,63 

0,484 

1,03 

0,706 

1,45 

0453 

14? 

0,936 

0,26 

0405 

0,66 

0,491 

1,06 

0,711 

1,46 

0456 

146 

0,937 

0,27 

0,213 

0,67 

0,497 

1,07 

0,715 

1,47 

04». 

1,87 

0,939 

0,28 

0421 

0,68 

0,304 

1,08 

0,720 

1,48 

0461  • 

148 

0,940 

0,29 

0,228 

049 

0,510 

1,09 

0,724 

1,49 

0464 

149 

0,941 
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?ftbl»  VI, 1.  (continued) 


<V»  0336  ' 
0,31  0,243  j 
032  0351  i 
033  0 059  i 
034  0366  ! 
035  0374  ! 
036  0361  i 
037  0389  ! 
036  0396 
039  0303 


0,70  0316 
0,71  0322 
0,72  0328 
0,73  0335 
0,74  0341 
0,75  0347 
0,76  0353 
0,77  0359 
0,78  0365 
0,79  0370 


1.10  0,729 

1.11  0,733 

1.12  0,737 

1.13  0,742 

1.14  0,746 

1.15  0,7$0 

1.16  0,754 

1.17  0,758 

1.18  0,762 

1.19  0,766 


130  0366 
131  0369 
1,52  0,871 
133  0374 

1.54  0376 

1.55  0,879 

1.56  0,881 

1.57  0384 

1.58  0386 

1.59  0388 


0,943 

0,944 

0,945 

0,946  , 

0,948 

0,959 

0,950 

0,951 

0,952  ! 

0,953  i 


$(>/) 


2,00 

0,955 

230 

0,972! 

2,40 

0,984 

2,60 

0,991 

2,90 

0,996 

231 

0,956 

231 

0,973 

231 

0,984 

2,61 

0,991 

2,92 

0,996 

2,02 

0,957 

232 

0,97;, 

2,42 

0,984 

2,63 

0,991 

2,94 

0,997 

2,03 

0,958 

233 

0,974 

233 

0,985 

2,63 

0,991 

2,96 

0,997 

2,04 

0*959 

234 

0,975 

234 

0,985 

234 

0,992 

2*98 

0,997 

2,05 

0,960 

235 

o,m 

2,45 

0,986 

235 

0,992 

3,00 

0,997 

236 

0;961 

236 

0,986 

2,46 

0,986 

2,66 

0,992 

3,10 

0,998 

2,07 

0,962 

237 

0,972' 

2,47 

0,986 

237 

0,992 

330 

0,999 

2,08 

0,962 

238 

0,972' 

2,48 

0,987 

2,68 

0,993 

330 

0,999 

2,09 

0,963 

230 

0,979 

2,49 

0.987 

- - . 

2,69 

0,993 

3,40 

0,999 

!  2,19 


2.30  0,979  j 

2.31  0,979  ! 

2.32  0,980  | 

2.33  0,980  . 

2.34  0,98:i  | 

2.35  0,98 :l  j 

2.36  0,992  , 

2.37  0,981 
238  0,983  | 
2,39  0,983  i 


230  0,988 

231  0,988 

232  0,968 

233  0,989 
2,54  0,989 
235  0,989 

2.56  0,990 

2.57  0,990 
233  0,990 
239  0,990 


2,70,  0,993 
2,72  0,993 
2,74  0,994 
2,76  0,994 
2,78  0,994 
230  0,995 
232  0,995 
234  6,995 
236  0,996 
2,88  0,996 


!  330  0,9995 
[  3,60  0,9997 

;  3.70  0,9998 
;  3,80  0,99986 
i  3,90  0,99990 

i 

4,00  0,99994 
i  5,00  0,99999994 


<!* 

dx 


St 

2 


VW  • 

y'aC,*1"! 


exp 


(z£x  ~  H) 

cja*~" 


'  (VI, 33) 

a 


We  oan  raedily  calculate  the  value  of  duatfall  per  unit  area 
and  unit  tine  trm  equation  (VI, 33)  by  taking  into  acoount  the  expon¬ 
ential  distribution  of  duatfall  along  the  y-axis 


L  _  a  »£ + »  -  "># 

°'"2» 


e-gy 


(VI, 34) 


This  equation  detarmiuea  duatfall  at  &  given  settling  velocity 
Up  at  a  point  determined  fay  coordinates  y  and  x,  on  the  assumption 
that  the  direction  of  wind  does  not  change  in  time,  end  Ef  denotes 
the  amount  of  dust  having  a  settling  velocity  of  Up,  which  is  emitted 
per  unit  time. 

As  ha#  been  mentioned  in  Chapter  V,  In  reality  there  are 
always  deviations  fromprev>iiUtgwindl  direction.  Assuming  that  the 
direction  of  wind  oscillates  over  a  segment  of  the  circle  with 
an  internal  angle  /3  ,  the  equation  for  average  due tf all  within  thie 
segment  can  be  written  as  follows,  taking  equation  (VI, 33)  as  the 
starting  point: 


<v 


A 


A*  2  Ynfl 


n)f 


•  * 
C.X9"  T 


exp 


c***- 


-Hit 


] 


(VI, 35) 


Figs  VI,3  and  VI, A  show  curves  plotted  on  the  basis  of  equation 
(VI,35).  These  curves  can  provide  a  basis  for  estimating  the  influence 
of  the  Individual  parameters  entering  into  equation  (VI, 35)  oi  the 
distribution  and  maximum  concentration  of  dust-fall,  as  well  as  on  the 
nature  of  fallout  with  respect  to  the  distance  from  the  source  of 
emission.  It  is  seen  from  Fig.  VI, 3  that-  in  the  case  of  low  turbulence 
(n  *  0.5)  there  is  observed  a  strongly  accentuated  maximum  of  dustfallj 
whoea  distance  from  the  source  of  emission  corresponds  to  the  point- 
calculated  from  equation  (VI, 31) •  When  atmospheric  turbulence  is 
stronger  (n  ■  0.2  and  n  ■  0.25),  the  maximum  is  not  so  pronounced, 
end  is  observed  at  a  greater  distance  from  emission  source.  It  follows} 
from  the  graph  in  Fig.  VI,4  that  In  the  case  of  relatively  great 
settling  velocity  (up  »  1  m/sec),  e  strongly  pronounced  duatfall 
maximum  is  observed  even  in  moderate  turbidity  (n  *  0**5). 
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Legend?  1,  Ratio  of  duatfall  to  total  particulate  eadesionj 
2.  Distance  from  atack* 
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Then  the  maxinrura  value  is  greater  than  in  the  eases  of  dust  with  a 
low  settling  velocity,  as  has  been  shown  in  Pig.  VI, 3,  where  Up  ■  0*1 

m/sec. 


Bosanquet,  Carey  and  Halton  (VI. 2)  have  derived  a  formula  for 
dustfall  taking  formula  (VI,  26)  as  the  starting  point  of  their  theor¬ 
etical  considerations.  This  formula  described  the  duetfall  in  a  seg¬ 
ment  of  the  oircle  with  an  angle  of  45°,  if  the  direction  of  wind 
coincides  with  the  biseotor  of  this  angle.  This  formula  has  the  fol¬ 
lowing  fora: 


at-  +> 


exp 


(-» 


(VI, 36) 


fl,r(1+il) 

lb  this  fomulb,  r  ^1  +  ptv)  1*  the  3oler  gwma  function* 
the  numerical  values  of  this  function  for  different  values  of  -^2^ 
are  given  in  Table  VI,  2. 

Another  fora  of  equation  (VI,36)  corresponding  to  p  «  0.05 
is  frequently  encountered  in  the  literature* 


0P  *  0,0032 


flY- 


exp 


(- 


2,H) 


(VI, 37) 


Substituting  in  equation  (VI,  37)  the  values  of  H  end  x  in 
meters,  and  u_  and  vw  in  m/seo,  we  can  write  it  in  the  following 
fora:  v 
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for  tii  4  calculated  ratios  of  V*  and  *  , 

*\  «*  * 

•  w  I  oan  be  determined  from  Pig.  VI,  5- 


(  lie  *\ 

U*'  h] 


the  value  of  function 


"* 

Table  VI,2 

The  value  of  function  ? 

(-3 

“p 

Uu.ylA  ir{ 

li  >_ 

rl\n  — 

.pf’*- 

1  plij) 

pvw 

!  1  pvj\  ptv  ' 

;  J  1 

•  pvwj 

!  pv» 

i|lr - 

\  P*w 

__  .... 

_ _  -  -  . 

.  — . — 

-  — 

— L- 

0,00 

1,000 

0,40 

|  0,887  •  030  ! 

0,931 

130 

1,102 

0,02 

0,489 

0,42 

0,886  032  i 

0,937 

,  1,22 

1,114 

0,04 

0,978 

0,44 

0,886  034  1 

0,943 

1  134 

1,126 

0,06 

0,969 

0,46 

0,886  i  036 

0,949 

136 

1,139 

0,08 

0,959 

0,48 

0,886  '  038  1 

0,955 

.  >>» 

1,153 

0,10 

0,951 

0,50 

0386  0,90  j 

0,962 

130 

1,167 

0,12 

0,944 

0,52 

0,887  j  0,92 

0,969 

1,32 

1,181 

0,14 

0,936 

0,54 

0388  0,94 

0,976 

;  >34 

1,195 

0,16 

0,930 

0,56 

0390  !  0,96 

0,964 

1,36 

1310 

0.18 

0,924 

0,58 

0391  0,98 

0,992 

1  1,38 

1,227 

0^0 

0,918 

0,60 

0394  i  1,00 

1.0C0 

1,40 

1,242 

032 

0,913 

0,62 

0396  :  1,02 

1,009 

|  1,42 

1358 

034 

0,908 

0,64 

0399  |  1,04 

1,017 

1  1.44, 

1376 

036 

0,904 

0,66 

0,902  1  1,06 

1,027 

1,46 

1394 

0,28 

0,901 

0,68 

0,905  .  1,08  . 

1336 

1,48 

Ull 

0,30 

0,898 

0,70 

0,909  1,10  ’ 

1346 

!  1,50 

1,329 

0.32 

0,895 

0,72 

i  0,913  1  1,12  , 

1,057 

| 

0,34 

0,892 

0,74 

0,917  1,14 

>367 

» 

0,36 

0,890 

0,76 

0,921  1,16 

1,079 

• 

0,38 

0,889 

0,78 

0,926  j  1,18  j 

1,090 

1 

1 

For  emission  sources  at  high  elevations,  G.  ?.  Caaady  (VI.6) 
derived  a  formula  on  the  assumption  that  u„  . . .  and  u.  i 

--  « 1  -  <<-  H 

v*  v»,  sX  8  n 


gtfp(l  j-  ft«) 

2^SyS,Vr 


«*P  - 


<h-mi 

. yr _ 

e  e* 


(VI,40) 


where 


<rc,4i) 


iwtT 


Zup  -  vvtt  +  (Ht>*  - 

The  quantities  Sz  and  Sy  are  connected  with  the  diffusion 
coefficients  of  0*  G.  Sutton  by  the  following  relationships: 


St  **  Ct  x  * 


and 


C,x 


Pig.  VI, 5.  Nociograa  for  the  calculation  of  the  values  of 

— _/  us  x\~~ - - - 

Key tl)Value  of  function;  2)Rolatlve  dis 

_  119  ___.ancft  frora  source  of 

erdsaicn 


The  quantity  H  is  not  treated  as  the  elevation  of  the  source 
of  scission,  but  as  the  height  of  the  axis  of  symmetry  of  the  dis¬ 
persing  pollutants,  and  thus  can  also  be  a  function  of  x. 

The  assumption  made  by  H.  Ore  gory  and  A*  Chamberlain  (VI.5) 
for  the  purpose  of  calculating  tha  amount  of  duetfall  are  somewhat 
different  from  the  proceeding  ones.  They  ssstxne  thatj  1),  the  distri¬ 
bution  of  particulate  pollutant  concentrations  in  air  Is  not  distorted 
by  finite  settling  velocity  of  dust  particles,  and  la  determined  by 
aquation  (VI,3)j  2),  the  dustfall  at  aj|»tnt  determined  by  coordinates 
x  and  y  is  the  product  of  particulate  pollutant  concentration  at 
ground  level  and  the  settling  velocity  of  a  given  particulate  fraction^ 
The  essential  characteristic  of  the  method  adopted  by  these  authors 
is  the  replacement  of  a  constant  amission  source  by  a  source  with  an 
emission  E(x)  which  depends  on  the  distance  x 


~  -  fu,S(a?,y)dy  »  - 

-•  l/nCavwx  9 


(VI, 42) 


After  integrating  equation  (VI, 42)  with  respect  to  x  over  the 
limits  from  0  to  x,  v*  obtain  an  expression  for  emission  by  an  effec¬ 
tive  emission  source,  which  is  a  function  of  distance  x.  An  effective 
emission  source  has,  at  each  point,  emission  rate  equal  to  the  amount 
of  dust  settling  on  the  ground  In  unit  time 


f<u__  f 

J  *  '  J  ^c.tv 


H 

x'  i  dx 


hence 


E  (x)  E  exp  I 


4u,x* 

TZcT 


(VI,43) 


(H,44) 


vwn 
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Substituting  E(x)  for  E  in  aquation  (VI,2),  vre  obtain  a 
corrected  expression  for  dust  pollutant  concentration  at  a  point 
x»y»*  n 

M.45] 

Tha  amount  of  dustfall  at  a  point  x,y  will  be,  in  accordance 
with  the  definition. 


nCyCtVwS?* 
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(VI,46) 


....  ..... •• 


nCyC,v^s^* 
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Particulate  concentration  at  ground  level,  aa  well  as  the 
|  dustfall  along  the  axis  of  the  main  wind  direction,  can  he  readily 
calculated,  from  equations  (VI, 45)  end  (VI, 46)  after  substituting 
y  #  a  ■  C»  if  the  remaining  parameters  entering  into  the  equations 
are  known. 

At  each  given  distance  x  free,  the  source,  we  can  calculate 
the  particle  sizo  of  the  dust  granules  whose  settling  rate  will  attain 
a  maximum  at  that  point.  The  settling  velocity  of  a  particle  of  a 
given  9izti  is  calculated  by  differentiating  equation  (71,46)  with 
respect.  to  and  equating  with  aero: 


(VI, 4?) 


thus,  for  instance,  for  n  *  0.25,  vw  *  5  m/sec,  C4  *  0.12,  we  obtain 

■%»**(«)*  0,0685  m/sec 

* 

In  order  to  de  tannine  the  maximum  dustfall  of  particulate  ■ 

matter  with  a  settling  velocity  Up  r.^x»  it  i8  necessary  to  substitute  I 
the  value  of  up  r&ax  calculated  frbm  fomila  (VI, 47)  in  equation  (VI, 46). 
Then  we  obtain  { 


'y'P  m«* 


4  V'HtCyX 


r,eip(_ 


(VI, 48) 


The  above  reasoning  applied  to  a  source*  of  emission  situated 
on  ground  .level  (H  *  0).  However,  an  equation  for  dustfall  from  a 
source  situated  at  a  height  K  can  be  derived  in  a  similar  manner. 

The  following  general  conclusions  can  be  draw.  fra.  an  analysis 
cf  the  theoretical  formulas  describing  the  distribution  of  pollutants  j 
in  the  vicinity  of  a  Bource,  as  well  as  iron  actual  measurements:  , 

1.  The  average  pollutant  concentration  downwind  from  the  j 

source  is  directly  proportional,  to  the  amount  of  pollutant  emitted ; 

2 *  The  concentration  of  pollutants  emitted  fraa  the  source 
does  rot,  as  a  ride,  influence  the  pollutant  concent. vat.-ton  on  ground 
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level*  A  certain  (email)  Influence  is  discernible  in  the  immediate 
vicinity  of  the  source  in  the  case  of  low  wind  velocities; 

i 

3«  The  sverage  pollutant  concentration  downwind  from  the  source 
is  inversely  proportional  to  wind  velocity; 

4*  The  average  pollutant  concentration  downwind  from  the 
source  la  approximately  inversely  proportional  to  the  elevation  of 
the  source  of  emission*  k  doubling  of  the  source  elevation  brings 
about  a  four-fold  decrease  in  the  pollutant  concentration  on  ground 
level; 

5*  The  theoretical  formulas  have  been  derived  on  the  assumption 
that  the  surface  of  the  earth  is  horizontal  and  smooth*  ^trying  topo¬ 
graphical  conditions  can  be  taken  into  account  by  taking  a  different 
elevation  of  the  source; 


6*  The  position  of  the  point  of  the  maximum  pollutant  concen¬ 
tration  on  ground  level  depends  on  the  meteorological  conditions. 

Under  the  conditions  of  considerable  atmospheric  instability,  this 
point  is  situated  relatively  close  to  the  emission  source*  As  the 
atmospheric  stability  increases,  this /Mint  becomes  further  removed 
from  the  source. 

4>_„The_  inf luence^of _  meteprologlc&l  precipitation  on  the 
concentration  end  fallout  of  particulate  matter 

The  phenomenon  of  atmospheric  purification  by  rain  le  generally 
known.  In  periods  of  draught,  the  only  duet  settling  on  the  ground 
is  that  in  the  immediate  vicinity  of  the  source,  while  the  rain  drops 
entrain  all  the  particles  they  encounter  on  their  way,  decreasing 
duht  Concentration  In  the  entire  atmospheric  layer  up  to  the  altitude 
to  which  the  precipitation  extends,  and  causing  increased  duet 
fallout. 


Let  us  consider  a  unit  volume  containing  non-dispersion  duet. 
Let  spherical  rain  drops  with  a  diameter  d  paee  through  this  volume 
at  a  velocity  Uy*  Let  N  and  n  denote  the  respective  concentrations 
of  rain  drops  and  dust  particles  in  the  volume  under  consideration 
at  a  moment  t*  The  duet  particles  will  settle  on  the  rain  drops  in 
an  amount  determined  by  coefficient  D  which  is  a  function  of  the 
diameter  end  falling  velocity  of  the  rain  drops,  and  ths  particle 
size  of  dust  granules.  The  number  of  dust  particles  which  have  settled 
on  the  rain  drops  and  removed  together  with  them  from  the  volume  tinder 
consideration  is  determined  by  the  relationship 


(  dn 

i— 

(  dt 


•  Du^nN 


<VI,45) 
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In  an  actual  rain,  the  drops  art  of  varioua  diamstara,  and  ao 
the  dtertaat  of  duat  concentration  in  air  will  be  as  follows* 


i  dn 

r  dt 


(V  1,50) 


Summation  relates  to  all  the  drop  diameters  present  in  the 

rain. 


The  duat  particle  concentration  in  the  volume  under  considera¬ 
tion  after  a  lapse  of  time  t  can  be  calculated  with  respect  to  the 
initial  concentration  nQ  by  integrating  equation  (VI,5C) 

r-f  -.*1 

•  Ihe  numerical  values  of  cosff icisnt  D  dependent  on  the  size 
of  rain  drops  d  and  particle  size  of  dust  granules  rp  (atT  s  l)  art 
given  in  Table  VI,3,  from  which  it  follows  that  for  duat  particles 
smaller  than  4  >i,  the  value  of  0  does  not  exceed  0.1  even  in  the  csss 
of  very  large  rain  drops,  'therefore,  the  purifying  action  of  rain  is 
relatively  low  if  tne  dust  particles  are  smaller  than  about  5  <p. 


|  Table  71,3  j 

!  i 

The  values  of  coefficient  D  for  varioua  values  of  rain  drop  j 

diameter  d  and  dust  particle  radius  rp 


i 

j  \t 

V 

X 

2 

3 

4  |  6  | 

8 

10 

r  is  f 

20 

X 

0,016 

0,04 

0,071 

’ 

! 

! 

SO 

0,006 

0,014 

0,026 

0406 

0462 

l 

) 

80 

0,003 

0,006 

0,017 

0,368 

0,671 

0,920 

i 

100 

OfiOl 

0,002 

0,095 

0,460 

0,685 

0460 

MS  i 

1,44 

200 

— 

OfiOl 

0,183" 

0,510. 

0,398 

0435 

1,09  j 

148 

300 

— 

0,014 

0476 

0472 

0,730 

04*> 

1,04  ; 

1,16 

400 

— 

0,10 

0458 

0,615 

0,756 

0454 

1,01  | 

1,11 

600 

— 

0,225 

0,435 

0,675 

0400 

0485 

1,00 ; 

1,06 

800 

0,04| 

0,315 

0,495 

0,710 

0,820 

0492 

0,9831 

1,03 

1200 

0,12 

0J76 

0,545 

0,740 

0452 

0,912 

0,968  i 

143 

2000 

0,14 

0455 

0425 

0,730 

0,856 

0494 

1,00 

i  The  phenomenon  of  decrease  in  dust  pollutant  concentration 

j  by  the  rainfall  was  given  the  mathematical  form  by  Chamberlain  (VI.  5) 


by  introducing  an  additional  coefficient  into  0*  G.  Sutton'*  equation 
(VI, 2).  7b*  Chamberlain  aquation  ha*  tha  form 


.  _  r  y»  *  i 

"  *  v.C,C.J~  “P  r  c*,*^  *  C{*H 


(VI, 52) 


formula 


The  quantity  p  in  tha  above  aquation  ia  detendned  from  tha 


p-1  Y*z>«.j» 

a 


(VI,  53) 


Equation  (VI,  52)  dafine*  duat  concentration  in  tha  atuoaphara 
at  a  point  determined  by  coordinataa  x,y,a,  taking  into  account 
tha  affect  of  rain*  The  amission  aouroe  ia  situated  at  ground  level. 

T.fe  can  similarly  write  an  aquation  for  an  emission  source 
situated  at  a  height  K: 


S(*,y.v 
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+  exp 
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Oustfall  caused  by  tha  rain  can  also  be  deacrlbed  mathematic 
aa  follows: 

<w  ” p/w*’*  -  ^rc77?  ■*  (~  (~  &) 

i>i  r  auOyi*  *  ' 


for  an  amission  source  situated  at  ground  level. 


WMl 


In  order  to  be  able  approach  the  phenomenon  of  dust  coagulation 
in  air  mathematically,  it  is  necessary  to  knew  the  effeot  of  the 
degree  of  air  turbulence  on  the  frequency  of  collision  between  the 
individual  dust  particles.  Unfortunately,  there  is  net,  as  yet,  a 
satisfactory  theoretical  explanation  of  this  phenomenon*  It  has  been 
established  that  an  increase  in  turbulence  causae  an  increase  in  the 
coagulation  constant  K,  which  in  turn  leads  to  a  decrease  in  duat 
concentration  and  an  increase  in  the  amount  of  duatfall  due  to  in- 
creased  dust  particle  fize  (i*e«p  increased  settling  velocity)* 
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K.  3moluehow»k±  was  the  first  to  develop  a  theory  of  coagula¬ 
tion  phenomena  in  the  oaee  of  laminar  flow  (0*12).  According  to  this 
theory,  decrease  In  concentration  n  of  aonodisperaed  duet  particles 
with  a  radius  r  depends  on  the  number  of  collisions  in  accordance 
with  the  following  equations 


'■r*a>n*  «*  JC*n# 


(VI, 56) 


Wlegand  and  Franker.berger  (0*12)  have  applied  equation  (VI,  56) 
to  the  phenomenon  of  coagulation  in  the  atmoephere,  assuming  that 

6)  *  *W  •  However,  this  assumption  is  not  in  agreement  with  the  act- 

t 

ual  conditions*  Considerably  batter  approodmatlon.  is  achieved  if  we 
assume,  after  Tunltskiy  (VI, 20),  that  the  average  velocity  in  atmos¬ 
pheric  micro-eddies  to  *  10  cm/sec*  Substituting  this  value  in  equation 
(VI,  56),  we  obtain,  for  particles  with  a  radius  r  *  0.1  jc,  the  value 
of  K,y  ■  1C“3  om3/aec,  which  is  negligibly  small  in  comparison  wit h  the 
coagulation  constant  K  due  to  brownian  movement. 

For  particles  with  r  s  1  u,  coagulation  constant  *  10“^, 
i.a.,  of  the  same  order  of  magnitude  as  the  coagulation  constant  due 
to  Brownian  movement.  As  the  particle  size  of  dust  granules  increases, 
so  does  coagulation  constant  due  to  atmospheric  turbulence,  On  the  j 
other  hand,  small  particlaa  coagulate  mainly  on  account  of  Brownian  j 
movement.  Tharefors,  there  oust  be  a  particle  size  which  shows  the  } 
least  tendency  to  coagulation*  Assuming  that  tine  turbulent  and  Brown-  j 
ian  coagulation  effects  can  be  added  up,  we  obtain  the  following 
expression  for  decrease  in  the  concentration  of  dust  pollutants*  j 


”  [K  (*  +  r) 


(VI, 5?) 


Th«  right-hand  side  of  this  equation  has  its  maximum  at  the 


following  value? 


V32.W 


(VI, 58) 


Substituting  the  Brownian  coagulation  constant  K  «  3  x  10*3 
caVsec,  a  10—5  cm,  and  u/  •  1C  cc/sec,  we  obtain  r  *  0.5  u.  This 
is  the  particle  size  which  shows  leant  tendency  to  coagulation  under 
the  conditions  of'  normal  atmospheric  turbulence. 

A  different  approach  to  the  theoretical  solution  of  coagula- 
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ttoo  In  the  atmosphere  vac  tried  by  Twarovaki  /N.B.t  Tenerowski  in 
the  bibliography/  (71,17).  Ai  hie  starting  point,  he  took  0.  0.  Sutton 
equation  (71,34)  for  a  line  aource.  Particulate  pollutant  concontratioi 
at  ground  level  ia 

Sf ""  'iT^TT -  (VI#  59) 

VnC,vwx 


(VI,  59) 


He  number  of  dust  partislea  (asmsning  that  they  are  spherical) 


4  2 

3*^7  Ta 
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(71,60) 


xtiere  y  i«  the  specific  gravity  of  a  dust  particle. 


Decrease  Ir.  tha  number  of  duet  particles  with  distance  x  ia 


- rtt* 


(71,61) 


On  the  other  hand,  it  follow*  from  the  theory  of  normal 
coagulation  that 

dn  V  s 

-  dt  -  Kn*  (VI,  56) 

where  K  is  coagulation  constant.  Since  in  the  case  in  point  x  *  vyt, 
equation  (vi,56)  can  be  transformed  into  the  form 


dn  K  , 

(Lx  “tv"1 


(71,62) 


Assuming  that  the  coagulation  and  diffusion  processes  are  J 
mutually  independent,  we  can  write  the  final  expression  for  decrease 
of  dust  pollutant  concentration  as  &  result  of  diffusion  and  coagula¬ 
tion 

-  £-(*yJf)n’  (VI*63) 


After  integration,  ws  have 


(71,64) 
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3h  the  formulae  given  above,  H  denoted  the  elevation  of  the 
mission  source  above  the  ground  level*  In  practical  application, 
the  value  of  H  is  not  generally  equal  tc  the  geometrical  height  of 
the  stack  emitting  pollutants,  since  the  gases  issuing  freer,  the  stack 
have  a  velocity  'which  causes  the  transport  of  pollutants  to  a  certain 
height  h  above  the  smokestack  outlet*  The  second  factor  responsible 
for  an  increase  {by  a  height  h)  in  the  actual  height  of  the  stack  is 
the  temperature  differential  between  the  emitted  gases  and  the  eurroua 
ding  air. 

Therefore,  it  is  necessary  to  introduce  into  the  formulae  e 
substitute  value  of  H  which  is  the  sum  cf  the  geometrical  height  of 
the  stack,  the  height  of  velocity  rise  iu.,  and  the  height  of  thermal 
rise  hj.. 


H  ■•=»  h  *f  hy  +  h, 


(VI, 65) 


The  calculation  of  the  substitute  value  of  H  is  complicated, 
since  the  values  of  velocity  and  thenn&l  risee  are  parameter 3  of  not 
only  t’ao  emitted  gases,  but  also  of  temporary  meteorological  condi¬ 
tions,  particularly  the  wind  velocity  and  the  vertical  temperature 
gradient  of  the  atmosphere* 


The  Boaauquet  (VI.2)  fomda  for  calculating  tha  maximum 
velocity  rise  hy  has  the  form? 


*  4,77  ^QrtPtj 

1  f  0,43  ~  tv 


(71,66) 


where  vk  is  the  velocity  of  gas  issuing  from  the  stcoks; 

Q™  ie  the  amount  of  emitted  gas,  reduced  to  the  temperature 
of  the  eurrounddns  air. 

A  nomogram  is  given  in  ?ig.  71,6  for  the  graphical  solution 
of  equation  (71,66). 

The  height  of  velocity  rise  at  an y  given  distance  x  frera  the 
emietdon  source  can  be  calculated  f  rati  tho  relationship 


N.=  h,~,(l  -0.8^) 


(VI, 6?) 


This  relationship  is  valid  for  x  )>  2  Uv  max. 


1?7 


|  Exit  velocity *,rtstc  "*>•'*, •**,  wlmettyri**  'b¥mi)m 

Til*  VI, 6.  Nomograrc  for  the  calculation  of  the  maximum 
velocity  rise  lw 
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Changes  in  thermal  riss  depending  on  the  height  above  the 
stack  can  be  calculated  from  the  following  relationships: 


(VI,  72) 


K.-M  79M-Z  (VI«71> 
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x  ^  3,87  X 
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The  relationship  between  quantities  X  and  Z  is  shown  in 
Fig.  VI, 7.  7r-r~~r-i . — . 

.  3-/|4-j-  i-j-l  ! 

!  A-t-  - H-rt-j -j-y- 
>  try . nTrt  ji: 
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Fig*  VI, ?•  Hie  dependence  of  Z  on  X  in  the  case  of  the  adiabat; 
vortical  temperature  gradient 


he  die 


The  typographic  conditions  of  an  area  where  a  source  of 
emission  is  located  affect  to  a  significant  degree  the  pollutant 
distribution  and  dustfall  around  the  source. 

The  topography  can  exert  either  a  direct,  or  indirect  influence 
on  the  dispersion  of  pollutants  in  the  atmosphere. 

The  direct  effect  of  given  topograph  conditions  consists  in 
causing  local  changes  in  the  direction  and  velocity  of  the  wind, 
j  formation  of  eddies,  disordered  ascent  and  descent  of  air  masses,  etc* 

Indirect  influence  is  manifested  in  such  meteorological 
factors  as  the  vertical  temperature  gradient,  degree  of  atmospheric 
turbulence  in  the  layers  close  to  ground  level,  average  wind  veldt ity 
etc.  The  value  of  the  vertical  temperature  gradient  depends,  to  a 
large  degree,  on  the  shape  and  type  of  terrain  which  affect  the 
heating  and  cooling  of  the  ground.  There  are  considerable  differences  1 
between  the  maximum  diurnal  temperature  differences  for  various 
types  of  terrain,  suev  as  sand,  meadosrland,  water,  built-up  areas,  etc 


The  mathematical  expression  of  the  Influence  of  the  type  of  terrain 
on  the  vertical  temperature  gradient,  as  veil  ae  other  meteorological 
parameters,  la  extremely  difficult,  since  this  influence  depends 
also  on  the  atmospheric  and  meteorological  conditions*  is  s  result, 
the  actual  pollutant  concentration  and  dustfall  experience  local 
fluctuation#  which  cannot,  and  usually  are  not  taken  into  account 
in  any  theoretical  calculation* 

The  wind  velocity  and  distribution  are  dependent  to  e  large 
degree  on  the  horizontal  relief  of  the  terrain*  Abrupt  changes  la 
the  relief,  such  as  deep  ravines,  mountains,  etc*  cause  atmospheric 
eddies  which  largely  alter  the  linear  distribution  of  wind  velocities 
assumed  in  theoretical  considerations. 

Further  differences  in  the  behavior  of  air  masses  are  teen 
in  enclosed  hollows  and  valleys  where  the  movement  of  air  la  caused 
by  an  uneven  heating  of  the  valley  slopes*  Exchange  of  air  with  the 
adjoining  areas  takes  place  very  seldom,  i.e*,  only  during  high 
winds*  This  exchange  is  hindered  by  the  phenomenon  of  Inversion 
Which  frequently  arises  under  such  conditions*  Hollows  represent  e 
particularly  disadvantageous  type  of  terrain  because  of  the  posaibili- 
ty  of  formation  of  high  pollutant  concentrations  in  them* 

Gf  considerable  importance  to  the  distribution  of  pollutant 
concentrations  is  the  degree  and  nature  of  arboreal  cover  of  the 
terrain*  Trees  influence  the  changes  in  wind  velocity,  and  the  large 
surface  areas  of  needles  or  leaves  (between  five  and  eight  square 
meters  per  square  meter  of  foreet  surface)  mainly  at  heights  between 
five  end  15  meters  act  as  a  filter  for  all  types  of  air  pollutants* 

The  high  degree  of  adhesiveness  of  particulate  matter  to  the  leaves 
or  needles  of  trees  causes  a  large  drop  in  the  pollutant  concentration 
in  wooded  areas*  If,  for  instance,  particulate  pollutant  concentration 
over  a  given  length  drops  to  10*  of  its  original  value  over  wooded 
terrain,  it  will  merely  halve  over  a  similar  length  of  terrain 
devoid  of  trees*  Terrain  supporting  shrubs,  grain  crape  or  grass  also 
exerts  a  significant  influence  on  pollutant  concentrations,  since 
they  prevent  a  re-entry  of  the  settled  duets  into  the  atmosphere* 

Vegetation  also  plays  a  considerable  role  with  regard  to 
gaseous  pollutants  because  of  the  possibility  that  it  may  assimilate 
large  amounts  of  them* 

The  distribution  of  particulate  concentration*  over  open 
country  and  a  forest  at  two  different  wind  velocities  is  shown  In 
Fig.  VI, 8a  and  VI, 8b,  from  which  it  can  be  seen  that  there  is  a 
!  substantial  increase  in  duet  concentration  at  ths  edge  of  the  forest, 

|  and  this  concentration  decreases  gradually  further  into  the  forest* 
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Fig*  VI, Change*  in  wind  velocity,  temperature,  and  particu¬ 
late  pollutant  concentration  in  low  wind  ever  a  forest#  1.  Particulate 
pollutant  concentration,;  2.  Air  temperature;  3.  Wind  velocity  measured 
|  at  the  following  altitudes:  a  —  0  notera;  b  —  1  neter;  c  —  2  meters^ 
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in  downtown  Leipzig 

Legend:  1.  Particulate  eoncer.tratitxij  2.  Height,  in  m;  3, 
Direction  of  wind;  4*  Deneely  built-up  area;  5.  Sparsely  built-up 
area;  6.  Green  epacee;  7.  Railroad  15nea  and  stations. 

Fig*  VI, 9  shows  tne  pattern  of  particulate  pollutant  concentra- 
i  tions  over  various  terrains  in  dewntown  leipzlg  (VI,  11)*  A  vary  pro- 
!  nounced  drop  in  dust  concentration  is  seen  over  treed  areas. 

i  ■  i 


Thus  there  are  great  possibilities  for  reducing  pollutant 
concentrations  by  a  suitable  planning  of  built-up  and  park  areas. 


The  distribution  of  particulate  pollutant  concentrations  in 
densely  built-up  areas  (city  streets  and  squares)  exhibits  vdde 
irregularities,  making  it  impossible  to  apply  the  theoretical  formu¬ 
las  given  at  the  beginning  of  the  present  chapter.  The  most  important 
factors  determining  the  distribution  of  particulate  concentrations 
over  urban  areas-,  especially  in  the  .lower  atmospheric  layers,  are: 
pronounced  variations  in  wind  direction  due  to  buildings  and  direction 
of  streets,  and  a  considerable  extent  of  secondary  transport  of  the 
settled  dust  into  the  atmosphere.  As  an  example,  fig.  VI,!0  shows 
the  intersection  of  two  streets  in  Leipzig.  The  Figure  shows  wind 
directions  at  some  points  In  the  streets.  It  is  seen  that  wind 
directions  measured  at  points  quite  close  to  each  ctner  can  vary 
by  as  much  as  130°.  Differences  in  partioulate  concentration  can 

amount  to  100$. 


i 

i. 


Fig,  VI,  ICh  Distribution  of  particulate  pollutant  concentre-  | 
tlooe  at  a  street  intersection  in  Leipzig  (figures  denote  duet  count 
in  particle a  per  cm3)  ■ 

$.  Comparison  of  results  obtained  using  varione  formulae 

i 

!  The  results  of  calculating  dust  concentration  distributions 

i  or  4ust.fa.ll  values  obtained.  using  different  forwula*  frequently  j 

ahow  considerable  variation*  These  discrepancies  may  ■ariao  cut  of  j 
empirical  or  ecmi-etsipirical.  coefficients  used  In  calculation,  derived 
by  vsuiout  outhore  in  different  w eye  and  intended  to  i&ke  into  account 
jiven  meteorological  conditions*  For  .Instance,  there  is  no  theoretical 
relationship  between  the  coefficient  of  vertical  diffusion  0..  derived  \ 
by  Sutton,  and  the  coefficient-  p  derived  by  Boaenquot*  0r»  the  other  ! 
hand,  each  of  the  equations  given  at  the  beginning  of  the  preeont 
chapter  ii  in  best  agreement,  with  reality  only  under  epee  if  led  atjaoa- 
phoric  condition#*  i 
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At  th«  same  time  it  should  bo  stressed  that  we  cannot  declare 
definitely  that  any  particular  formula  la  the  best,  i.e.,  that  it 
describes  most  accurately  the  actual  o  cur  as  of  diffusion  of  pollutants 
in  the  atmosphere.  In  order  to  recognise  one  of  these  fonpolas  es 
being  the  beet,  it  would  be  necessary  to  compare  it  with  the  results 
of  measurements  carried  out  in  an  absolutely  accurate  manner  ever 
the  whole  range  of  parameter*  entering  the  equation  in  question. 

These  measurements  would  have  to  embrace  pollutant  concentrations  end 
dustfall,  es  well  es  ell  the  meteorological  factors.  However,  such 
extensive  measurements  have  not  yet  bean  carried  out. 

Given  this  state  of  affairs,  there  are  two  methods  of  checking 
theoretical  formulas t  1),  to  compare  theoretical  results  arrived  at 
by  various  methods,  and,  possibly,  to  verify  them  at  some  points  for 
which  there  exist  relatively  reliable  measurement  data;  2),  to  calcu¬ 
late  diffusion  coefficients  from  theoretical  formulas  by  substituting 
in  them  the  results  of  pollutant  concentration  measurements  at  given 
points,  and  to  compare  them  with  diffusion  coefficients  theoretically 
derived  for  similar  meteorological  conditions. 

The  first  method  is  used  most  frequently  because  of  its  simpli¬ 
city,  but  the  second  method  has  an  undoubted  advantage,  since  the 
resultant  diffusion  coefficients  can  be  applied,  with  a  large  degree 
of  confidence,  to  more  extensive  theoretical  investigations  of  the 
pollutant  distribution  over  an  area  having  similar  meteorological 
conditions. 

A  comparison  of  the  results  obtained  using  the  Sutton  formula 
with  those  based  on  the  Bosanquet  -  Pearson  formula  can  best  be 
done  on  the  basis  of  equations  (VI,6)  and  (VI,10). 

According  to  Sutton  (71,6),  the  maximum  pollutant  concentration 
at  ground  level  is 


*—  0,235 


Jr© 


while  according  to  Boeanqust  -  Pearson  (VI, 10), 

s”“'  ”  °'21®5TSi  | 

Assuming  that  the  ratios  of  diffusion  coefficients  and 
-2-  have  the  same  value,  equations  (VI,6)  and  (VI, 10)  differ  from 
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each  other  only  in  the  proportionality  const ant a.  Actually,  the  differ¬ 
ence  between  them  ie  relatively  email,  since  it  amounts  to  only  9%, 
Kowover,  &c coaling  to  Sutton  the  ratio  altitude#  greater  than 

25  meter#  ie  equal  to  unity  (see  Table  V,3),  while  the  nsacterioal 
value  of  -S-  varies  between  0.35  and  0*?  depending  on  the  meteorologi¬ 
cal  condition*  end  terrain.  Thus  in  practice  the  values  of  pollutant 
concentration  obtained  free  equation  (VI, 6}  are  nearly  twice  aa  great 
as  those  obtained  from  equation  (71,10). 


{  In  calculating  the  pollutant  concentrations  at  ground  level, 

I  Sutton's  assumption  that  Cg  *  Cy  seems  debatable.  Even  If  we  accept 
that  at  altitudes  above  25  meters  atmospheric  turbulence  is  isotropic, 
then  in  order  to  reach  the  surface  of  the  earth,  pollutants  have  to 
,  diffuse  through  a  decidedly  non-lsoiropic  (even  according  to  Sutton) 
layer  adjacent,  to  the  ground*  In  addition,  Sutton's  assumption  is  not 
fully  true  in  the  case  of  inversion,  as  has  been  mentioned  in  Chapter 
V. 

In  view  of  tho  fact  that  Sutton's  equation  (VI, 6)  gives  •orewe- 
eively  high  values  o.f  the  maximum  pollutant  concentration  Smfv.  I/nray 
(VI.  ID )  proposed  the  following  modification: 


c  „  2S  Qm  .. ...  i  5 

Ssm-  '  *nH!  vZ  ‘  0,‘35  V„H*  0,1 


(VI,73) 


In  this  equation,  %  replaces  the  ratio  of  diffusion  coaffitfi- 
i  eats  -G*.  Cceffioient  a.  la  dependent  on  the  wind  fluctuation  (of. 

1  L»'n» 

i  * 

chapter  V),  and  expresses  the  frequency  of  winna  in  the  prevailing 
j  direction*  Thei*efor®,  the  physical  aer.se  ol‘  coefficient  is  basi- 
j  cally  different  from  that  of  •  Dependence  of  coefficient  a^ 

j  on  the  type  of  wind  as  an  average  of  sampling  lasting  one  hour  is 
1  shown  in  Tati®  VI,4* 

!  Table  VI ,L 

| 

j  value  of  coefficient  for  diffrmt  types  of  wind  j 


I 

I 

1 


I 
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Legend:  1.  Type  of  wind. 
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A  |  0,075 

B  J  0,15 

C  j  0,25  I 

O  |  0,50 
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Table  VI,  5 


]&pr«Micft»  for  the  distance  at  which  the  maximum  polite 
tent  concentration  is  encountered  have  a  similar  form  in  both  equation! 
(VI, 6)  «nd  (VI, 10).  If  under  the  conditions  of  moderate  turbulence 
p  ■  0.05  and  C2  *  0.13,  the  values  of  the  same  order  of  magnitude 
are  obtained  from  both  expressions,  and  varies  between  eight  and 
10  times  the  height  of  the  stack.  The  value  of  Xr-m*  varies  between 
five  and  20  times  the  stack  height  over  the  entire  range  of  meteorolo¬ 
gical  conditions. 

Table  VI, 5  shews  the  results  of  pollutant  concentration  meaeure- 
menus  at  ground  level  carried  out  by  Port on  (0.12).  Point  and  line 
sources  at  ground  level  were  investigated.  For  the  sake  of  comparison 
the  Table  also  gives  the  results  of  calculations  based  or.  Sutton's 
and  C&lder'e  formulas  for  point  and  line  sources  situated  at  ground 
level.  It  can  be  seen  that  the  values  obtained  using  Sutton's  formulas 
are  lower  than  those  obtained  experimentally.  The  same  is  true  of 
Gaidar's  with  the  difference  that  values  higher  than  the  actual 
ones  are  obtained  for  points  close  to  the  source,  in  the  case  of  a 
line  source,  Sutton's  formula  is  in  good  agreement  with  experimental 
results  for  small  values  of  x,  while  values  higher  than  the  actual  • 
are  obtained  for  longer  distanoes.  Gaidar's  formula  always  gives 
results  on  the  high  side. 

A  considerable  degree  of  correlation  with  experimental  results 
is  obtained  frem.  both  formulae  in  the  case  of  determining  the  trans¬ 
verse  dimensions  of  the  plume  of  contaminants.  This  is  seen  from  the 
last  two  columns  of  Table  VI, 5* 
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j  4  s  M.  atones  from  source 

|  •”e  of  pollution,  in  km. 

I  Pig.  VI, 11.  A  comparison  SO2  concentration  measurements  with 

j  the  theoretical  calculations  obtained  using  the  Sutton  and  Bosanquet- 
!  Pear sou  formulas.  1.  Theoretics!  curve  after  Sutton  for  C.a  *  0.07, 
|  n  *  0:2.  Theoretical  curve  after  Be  nanque t~ Pofc con .for  p  »  o 
1  3.  tomuol  I.  Kfctly  SfmBSLUSgl 

30**inute  sswplingsj  5*  Maximum  values  f ros  two— minute  esn»p— itigsj  0. 
Monthly  average  from  two-minute  samplings. 
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The  results  of  invostig-ations  carried  out  by  D.  M.  Thomas, 

5.  R*  Hill  end  J.  M.  Abeieold  (71.1ft)  show  good  correlation  with  the 
theoretical  calculations.  The  results  of  the  SC>2  concentration 
meamtresants  at  different  distances  from  the  eource,  &e  well  as  the 
theoretical  cum*  plotted  according  to  the  Sutton  (VI, 4)  and  Bosanque 
-Pearson  (?I,8)  foraulas  are  given  in  Pig.  VI,  11.  It  follows  from  the 
position  of  the  experimental  points  in  relation  to  the  theoretical 
curves  that  there  is  a  cooeidereble  degree  of  correlation  between  the 
experimental  results  end  the  theoretical  calculations  for  emission 
sources  at  an  elevation  greater  than  100  meters  if  the  diffusion 
coefficients  in  the  Sutton  end  Bosanquet-Peerscn  equations  are  taken 
to  be  within  the  limits  0.05  ~  0.07,  and  the  meteorological  exponent 
n  s  0.  In  order  to  obtain  good  correlation  for  sources  at  lower  ele¬ 
vations,  it  would  be  necessary  to  accept,  in  the  Sutton  equation,  . 
values  of  Ca  and  (y  between  0.05  and  0.01,  and  a  value  of  n  ®  0.25. 

The  investigations  carried  out  by  H.  3tartauin  (VI, 14)  confirm 
the  foregoing  conclusions.  K.  St^rtman  measured  the  S0g  concentrations 
in  the  vicinity  of  two  power  generating  stations.  Power  station  A 
was  located  in  a  densely  built-up  area,  while  power  station  2  was 
three  kilometers  away  from  the  nearest  buildings.  Figs.  VI,  12  and 
VI,  13  show  SO9  concentrations  in  the  neighborhood  of  the  power  station 
in  term*  of  five-monthly  averages,  this  being  the  duration  of  the 
investigation.  It  follows  from  these  figures  that  the  high  S0j  concen¬ 
trations  expected  on  the  basis  of  theoretical  calculations  do  not 
arise  in  reality.  This  is  undoubtedly  due  to  the  fact  that  the  average 
wind  velocity  and  direction  are  assumed  to  be  constant  in  the  calcula¬ 
tion  formulae.  This  condition  Is  never  fulfilled  in  reality,  so  that 
the  point  st  iftileh  the  maximum  pollutant  concentration  should  arise 
constantly  changes  ita  location.  Long-term  measurements  Invariably 
yield  lower  average  pollutant  concentrations,  usually  much  lower  than 
the  theoretical  values.  Fig.  VI,  14  gives  the  lines  of  constant  pollu¬ 
tant  concentrations  at  ground  level  calculated  from  Sutton's  formula 
(VI,  4)  for  two  elevations  of  emission  souroe*  These  graphs  clearly 
|  show  sharp  maxima  over  relatively  small  areas.  A  similar  graph  drawn 
I  on  the  basis  of  the  Boaanquet-Pearaon  formula  (VI, 6)  is  giver,  in 
!  Fig.  VI, 15* 

l 

1 

A  cwtsiderable  degree  of  correlation  between  theoretical  eal- 
•  culaiions  and  practical  measurements  is  seen  from  the  data  given  in 
i  Tables  VI, 6  end  VI, 7*  This  correlation  is  better  in  tha  case  of 
!  power  station  B,  which  ensues  from  the  fact  that  the  topographical 
,  conditions  in  its  vicinity  are  dose  to  those  assumed  in  the  deriva- 
j  tion  of  the  equations* 
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Fig,  VI,12.  Distribution  of  the  average  sulfur  dioxide  concen¬ 
tration  in  the  neighborhood  of  power  station  A.  a.  Situation  plar.  of 
the  power  station}  b.  Average  concentration  of  CO2  /sic/  in  July,  wind 
velocity  vw  “  1  —  3  m/svo,  average  temperature  tay  "  23  —  30°0;  c. 
Average  concentration  of  COj  in  August,  vw  *  0,5  —  2  m/sec,  tav  =  20 
—  22*C}  d*  Average  concentration  of  COp  in  July,  vw  a  0*5  —  1,5  ra/aa 
t  «»  18  — 1  23^0:  0.  Average  COo  concentration  in  August,  vw  s  2  —  4| 
m/sec,  t4V  ■  13  —  2Q3Q)  f .  Average  (JOj  c  one  ent  rat  ion  'InkJet  t  wabe  r ,  J 
vw  *  2  -  4  V0®*2*  tv  s  ^  ”  ^5°C. 
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Legend?  1,  Densely  built-up  area}  2,  Power  station  A:  .3.  Direction  of 
wind;  4*  Industrial  buildings. 
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Fig.  VI,  13*  Distribution  of  the  average  sulfur  diood.de  concen- 
1  t.  ration  In  the  neighborhood  of  power  station  13.  a.  Situation  plan  of 
the  power  station}  b.  Average  COg  /sic/  concentration  in  Kay,  average 
wind  velocity  vw  =  5  —  3  :u/aac ,  averago  temperature  t.v  =  12  —  15°0}| 

on  In  January,  vw  m  3  —  6  n/s©c,  fcav  *  4 

4  r /TtTJ  «  3J( 


i  f..  Av&vffiq  concenvraT.j.on  xu  u*Kiu«n-y,  ■ 
—  8°C;  e.  Average  “SwoSnts'itiail  in  Bu5y,  v* 
_  15°Cj  f.  Average  concentration  of  Cop  in  i 


September,  vw  -  2  —  4  m/sec. 
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Legend:  1.  Densely  built-up  area;  2.  Dower  station  A;  3.  Direction  of 
wind;  4.  Industrial  buildings* 
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j  Disrtaaee  frwa  amission  souros*  in  n. 
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;  fi/:.  71,34.  Lines  of  constant  pollutant  concent  nations  at 

;  ground  level  calculated  from  the  Button  f  omnia  for  emission  source 


Fig,  71,13.  Hats  of  constant  pollutant  concentrations  at 
ground  level  calculated  frcfe  the  Boaanti  efc-^eareon  f'or^ulc  for  a. 
source  at  H  *  100  -■ eitrs*  1  3  a  t'-.e  line  delimiting  tin:  eorosriiser.tally 
,  verified  area  of  hio,n  pollutant  concentrations, 

f 

:  Ihe  buildings  around  power  station  A  canted  an  increase  it.  turbulence,  J 
j  which  should  be  taken  into  account  by  a  suitable  sal notion  ex'  diffusion 
;  coefficients*  Apart  from  this,  tne  30c  careen l ration  iseasur eu  during  I 
;  protracted  rally  periods  w&s  always  considerably  lower  than  the  • 


oalcii^.teu  vaiue. 
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Tub!*  VI, 6 


A  comparison  o f  the  theoretical  and  experimental  values 
of  SQ2  concentration  in  the  vicinity  of  power  station  A 
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Legends  1.  Month;  2.  Results  of  measurements,  in  rag/tt 3;  3* 
Concentration  indepsndsnt  of  emission;  4.  According  to  Sutton;  5* 
According  to  Bosanquet;  6.  Wind  velocity;  7*  Weather;  8*  January; 

9*  July;  10.  August;  11.  September;  12.  Sunny;  13*  Cloudless;  14. 
Partly  cloudy* 

Nearly  all  investigators  agree  that  the  results  obtained  from 
theoretical  formulas  are  higher  than  the  measured  values. 


Thus,  for  instance,  C.  A*  Coslin  (71*8)  found,  on  the  basie 
of  concentration  measurements  of  NO.  emitted  from  a  stack  25  meters 
in  height,  that  experimental  results  are  two  times  lower  than  those 
calculated  frets,  the  formulas  of  Sutton  end  Bosanquet-Pearson. 

With  regard  to  the  Bosanquet-Petirson  formulas,  Falk  (0.14) 
has  found  that  the  point  at  which  the  ti&ximun  concentration  occurs 
at  ground  level  is  located  about  3/3  further  than  predicted  by  theor¬ 
etical  calculation,  and  that  at  distances  greater  than  %ax  the 
ccncentration  of  pollutants  at  ground  level  decreases  with  distance 
faster  than  expected  on  theoretical  grounds. 

Therefore,  we  can  state  the  following  on  the  basis  the  above 
investigation  results*. 

1.  Pollutant  concentration  and  dustfall  values  as  calculated 
on  theoretical  grounds  are  usually  hi$\er  than  those  encountered  in 
practice*  Therefore,  theoretical  calculation  assures  a  relatively 
high  degree  of  certainty  that  the  concentration  of  pollutants  emitted 
by  a  given  source  :1s  not  higher  than  the  calculated  value.  For  this 
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Table  71,7 

A  comparison  of  the  theoretical  and  experimental  value e  of 

S02  concentrations  In  the  vicinity  of  power  station  B 
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j  ]>s,er*dt  1.  Month;  2,  Results  of  iteasurementa,  .-Li  mg/m-*;  3* 

‘  Concentration  independent  of  emission;  1.  According  to  Sutton;  5* 

'  According  tc  Besanouei ;  6.  Wind  velocity;  ?.  ’Weather;  8.  January; 

I  9.  Area;  .3.  May;  11.  July;  12.  August;  13.  September;  34.  Clotidy, 
j  rain;  1?.  Continuous  rain;  16.  Cloudy. 

treason,  theoretical  calculations  are  most  valuable,  and  provide  the 
only  method  of  a  relatively  accurate  plottiiig  of  pollutant  distribu¬ 
tion  pattern*  in  planning  the  siting  c.C  new  industrial  objectives 
with  relation  to  dwellings  or  other  social  amenities. 

2.  Theoretical  calculations  and  practical  measurements  show 
|  vexy  good  correlation  in  experimental  determination  of  meteorological 
i - — — - — . . ——————— . — -  '■  —— 
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parameters  (mainly  diffusion  coefficients).  This  permits  a  very  accu¬ 
rate  prediction  of  the  effeet  of  a  new  source  of  emission  on  the  state 
of  atmospheric  pollution  In  a  given  area. 


isperaion  of  oollut 


The  calculations  can  be  speeded  up  significant  lor  through  the 
use  of  nomograms,  especially  in  calculating  the  minimum  permissible 
height  of  smoke  stacks  emitting  pollutants,  or  the  maximum  permlsalble 
emissions  on  the  basis  of  the  permissible  value  of  pollutant  concentra¬ 
tions  at  ground  level,  or  permissible  dustfall. 

If  we  define  the  non-dimensional  distance  in  the  direction  of 
x  as  the  ratio 

. 

(VI,  74)  ! 


and  the  non-dimensional  concentration  of  pollutants  at  ground  level 
as 

US  , 

P*  “ '  c —  (VI,75) 


we  can  write  Sutton’s  equation  (VI,4)  for  distribution  of  pollutant 
concentrations  at  ground  level  as  a  function  of  Px  in  the  fomt 


eXp[l~P72) 


(VI,76) 


He  can  write  the  Boaanquet-Pearson  equation  in  a  similar 


Banner 


iP»  Px~*exp 


(^r~) 


Ol»77)  j 


!  The  solutions  of  equations  (VI, 76)  and  (VI, 7?)  are  given  in 

;  the  form  of  graphs  for  Px  «  f  (fx)  in  Fig.  VI,16,  As  can  be  soar,  from 
the  graph,  calculation  using;  the  Sutton  fomtula  for  n  -  0-7,5  is  not 
j  advisable,  since  excessively  high  pollutant  concentrations  are  obtain* 
j  for  high  values  of  x. 

j  It  is  necessary  to  know  values  of  Sn**  and  %a?c  order 

|  to  be  able  to  dete«dn«  the  concentration  of  pollutants  at  any  given 
•  distance  x  fro:,  th-a  source  using  the  graphs  in  Fig.  VI,l6  fer  giver: 

;  parameters  of  the  source  and  of  meteorological  conditions.  These  can 


be  calculated  each  time  free  formulas  (VI, 5)  and  (VI,6),  or  (VI, 9)  «nd 
(VI, 10),  or  found  from  previously  prepared  graphs.  Pig.  VI,  1?  gives 
the  solutions  of  equations  (VI,9)  and  (VI,10).  These  oan  be  used  for 
easy  determination  o.f  ^  and  for  given  emission  source  para¬ 
meters  and  known  meteorological  cMditione. 


Pig.  VI, 16.  Solution  of  non-diaensional  equations  for  dis¬ 
persion  of  pollutant  a  i 

;  1.  Solution  of  the  Sutton  equation  (71, 76)  for  a  a  0*5;  2.  Sol¬ 

ution  of  ttio  Boetnquot-Paarcan  equation  (71,77)?  3.  Soluti.cn  cf  aqua  - 
tion  (VI, 76)  for  n  *  0.25. 

Legend:  1.  Kon~d 3 non  aion&l  concentration  of  pollutants}  2. 

I  Non-dimensions  1  distance 


j  Distribution  or  pollutants  in  the  direction  perpendicular 

|  to  that  of  the  xLnd  can  be  given  graphically  as  a  function  of  non- 
;  iic'orsior.al  distance  m  the  direction  of  y.  Cine  of  the  possible 
'  assumptions  is  to  consider  the  non-dir«nciOT.al  distance  y  as 


.  M  „„ 

^9,1  mm 


(VI, 78) 


j  where  7q,1  miiX  is  the  distance  between  the  point  at  whicu  obtains] 
i  and  the  point  at  which  3  »  0,1  S^.v,  Having  assumed  this,  ve  can  i 
|  write  in  relation  to  Sutton1 a  equation  I 


% 


9,1  mu 


f  ja*~"  1  l\t* 

UVirp'+(2~n)lnP'+  4* -'ll 


(VI* 79) 


(q  tyMte*  irWfo  trnji  Ht « 

Fig*  VI, 17*  Graphs  for  the  calculation  of  3*,w  and  Xfo&x. 
according  to  equations  (VI, 5)  and  (VI,6) 

legend;  1*  Maximum  concentration  of  pollutants;  2*  Elevation 
of  emission  source;  3*  Distance* 


while  in  relation  to  the  Boaanquet-Pearson  equation  we  have 


3*  [in  0,1  (ln  a 


+  2111?,+ 


-)]' 


(VI,  80) 


Equation  (VI,79)  ia  represented  graphically  in  Fig.  VI,19  in 
the  form  of  a  family  of  curves  for  different  values  of  P8,  while 
equation  (VI, 60)  is  siren  in  Fig.  71,20. 

It  is  necessary  to  know  the  values  of  S^x  and  Xr.,-*  in  order 
to  make  use  of  Figures  Vip$  and  VI, 20. 

i 

!  Ir.  order  to  further  simplify  trie  calculation  of  pollutant 

|  dispersion  an  the  atmosphere,  K.  Gaai.ororaki  (VI,  7)  has  developed 
i  a  special  calculation  slide  rule  and  a  special  method  of  graphical 
i  solution. 


The  starting  point  for  the  development  of  the  elide  rule  wae 
provided  by  Sutton’s  equation  (VI, 3).  Since  the  poUutsnt  concentra¬ 
tions  of  mat  intcreot  are  those  at  ground  level,  equation  (VI, 3) 
was  simplified  by  assuming  that  a  ■*  0.  Another  slmplif ication  hsc  its 
origin  in  the  fact  that  in  most  cases  a  rough  estimate  of  the  indivldu* 
j  ei  emissions  frcr  sources  is  adequately*  done  knowing  the  maximum 
!  pollutant  cioncentrat  icn  ■lr,,VV|  and  its  distance  freo  the  source  x^,,* 

j 

Fig.  VI, 21  t&  'MQ  ths  scales  of  this  slide  rule.  Thanks  to  a 
i  suitablo  selection  of  scales,  &  single  setting  cf  the  slide  et  a 
j  given  value  of  —gS  it-  possible  no  read  oi±  for  any  comb^n— 

at, ion  of  stack  height  K  and  average  wind  velocity  v^.  :fhis  is  particu¬ 
larly  convert  lent  when  the  object  of  the  calculation  is  to  determine 
r’he  minimum  permissible  elevation,  of  the  source  for  an  assumed  maximum 
permissible  pollutant  concentration  at  ground  level. 
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1/+8 


The  method  of  slldo  rule  operation  can  be  beet  explained  by 
the  following  example*  Let  the  following  values  be  lnoluded  In  the 
calculation!  Q  ■  0*2  kg/«ecj  H,»  100  meters;  n  a  0.28;  CL.  ■  0.40  a£j 
and  hance  c®  *  0*975*  *  v 


The  value  of  Q  t  o.2  on  the  slide  should  be  set  under  the 
reading  of  0*975  or.  scale  £s  (point  A).  Setting  the  hair  of  the  cursor 

on  the  intersection  of  tha  line  H  “  100  asters  and  the  average  wind 
velocity  vy  (point  B),  wo  cart  read  on  scale  S^«v  the  va^ue  of  the 
maximum  pollutant  concentration  at  ground  level  in  mg/a>  (point  C). 


For  instance,  we  obtain,  for  various  wind  velocities 
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Development  of  a  slide  rule  which  could  be  used  for  determining 
pollutant  concentration  at  any  given  point  within  the  coordinates 
x  y  z  according  to  formula  (VI,3)  seems  impracticable  in  view  of  the 
large  number  of  variables  involved*  It  is  much  simpler  to  employ  the 
!  graphical  method  with  whose  aid  it  is  possible  to  determine  the  genera] 
j distribution  of  pollutant  concentrations. 


:  In  order  to  find  a  general  solution  of  the  equation  for  pollu- 

■  tant  distribution,  equation  (VI, 3)  must  be  presented  it:  a  non-dimen- 
aional  form*  It  has  bean  founa  moat  convenient  to  adopt  the  following 
!  non-dimensional  proportionality  coefficients  in  order  to  obtain  the 
j  ainp.leet  form  of  solution 
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(VI,*1) 
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X*'n 


(VI,82) 


(VI, 8?) 
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(VI,ft4) 


Dividing  equation  (VI, 3)  by  (VI, 6)  and  eubetituting  the  above 
proportionality  coefficients,  we  obtain  the  following  expression  for 
spatial  distribution  of  pollutants  t 


p 

r* 


(p,+i>*1 

p;J 


(71,85) 


Substituting  a  «■  0.,  l.e»,  P-  *  ),  we  obtain  the  following 
expression  for  pollutant  concentration  at  ground  level*. 


ivi,e6) 


The  solution  of  equations  (VI, 85)  and  (71,86)  in  the  graphical 
form  is  given  in  Fig.  71,22.  The  upper  part  of  the  Figure  contains 
a  family  of  curves  for  different  values  of  Pfl  assuming  that  Py  ®  C. 

It  represents  the  distribution  of  pollutant  concentrations  in  the 
vertical  direction  in  the  wind  axis  x.  Although  the  ground  level 
distribution  of  pollutants  is  generally  the  one  of  aiost  interest,  the 
knowledge  of  the  vertical  distribution  is  useful  in  certain  cases,  i.e. , 
in  the  invactigation  of  pollutant-  concent  rations  cm  the  individual 
floors  of  tall,  buildings.  The  lower  part  of  the  Figure  represents  the 
distribution  of  pollutant  concentrations  in  the  horizontal  plane  at 
ground  level,  i.a.,  on  the  assumption  that.  Pz  *  0  (equation  (VI, 4)). 

Solution  of  equations  (71,85)  and  (71, 80)  on  graphs  drawn  on 
the  semi-log  scale  permits  the  determination  of  pollutant  concentration 
distribution  with  an  accuracy  adequate  for  practical,  purposes  within 
the  significant  range  of  distances  x,  y  and  2. 


For  the  practical  applic  atior.  of  the  solution  presented  in  ! 
Fig.  VI, 22  it  is  neceseaxy  to  adjust  the  real  distances  x,  y  sod  % 
to  the  non-dimensional  scales  of  the  axes  ?x,  tv  end.  ?z*  a®  we"-i  &B  j 
the  actual  pollutant  concentre tions  to  the  non-dimensional  values  P8.  j 


•  t»-4«  slide  rule  described  above  can  be  used  to  determine 
|  on  the  basis  of  given  conditions.  Its  value  corresponds  to  that 
i  F.  -  1  in  Pig.  7T,«U 


3gpw 


I  The  description  of  scale  Pz  doss  not  present  any  difficulties 

j  in  view  of  the  simple  relationship  between  P£  and  H.  At  *  1,  t  is 
j  equal  to  source  elevation  in  meters  used  ir.  the  calculation.  The 
!  »~vcsle  is  linear. 


Ibe  distance  y  can  be  aligned  with  the  individual  values  of 
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calculation  of  the  individual  values  of  x  would  bo  troublesome.  It  in 
much  more  convenient  tc  use  the  following  graphic  method.  Ih  the 
lov/er  left  comer  of  Pig*  VI ,22  there  is  an  arc  scale  of  the  meteorol¬ 
ogical  exponent  n.  A  straight  line  is  dravm  through  the  point  corres¬ 
ponding  to  n  and  the  center  of  the  Figure  (P*.  *  1,  Ps  »  0).  Then  the 
logarithmic  scale  in  the  lower  part,  of  the  Figure  should  bo  aligned 
with  this  straight  line  so  that  the  previotxaly  calculated  value  of 
on  this  acale  coincides  with  the  point  Px  *  !•  Vertical  straight 
lines  are  then  drawn  through  further  points  corresponding  to  given 
distances  on  the  logarithmic  scale.  The  graphs  obtained  in  this 
manner  are  not  clear,  particularly  if  it  is  desired  to  ccmp&re  the 
distribution  of  pollutant  concent  rations  under  various  meteorological 
conditions,  or  for  different  parameters  of  the  /source.  For  thie 
reason  it  is  convenient  to  transfer  the  values  obtained  in  the 
manner  described  above  onto  graphs  which  have  a  single  scale  of  dis¬ 
tances  for  all  cases. 


Using  Sutton *b  equation  (VI, 4)  as  hia  starting  point,  R. 
Trappenbsrg  (VI. 19)  calculated  tea  average  maximum  pollutant  concen¬ 
trations  at  ground  level  and  the  average  maximum  dustfall  for  all 
practical  combinations  of  meteorological  parameter*,  and  various 
source  elevations.  He  assumed  that  the  maximum  pollutant  concentration 
determined  by  equation  (VI,6)  arises  at  or.e  point  only,  and  then  only 
under  the  assumption  tbit  tha  direction  and  velocity  of  wind  remain 
!  strictly  constant.  3ud»  a  clear  msoai'ium  never  arises  under  actual 
|  conditions.  Therefore,  he  took  the  tnaxitaum  average  pollutant  concen¬ 
tration  to  mean  the  average  pollutant  concentration  over  a  rectangle 
having  tha  aides  "  1,000  meters  and  2y0  *  500  meters*  whose 
center  is  at  a  point  vtsajc  determined  from  equation  (VI, 5)*  It  accor¬ 
dance  with  this  assumption,  the  maximum  average  pollutant  concentra¬ 
tion  is  expressed  by  t i\s  following  relationship j 
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After  certain  simplifying  assumptions,  ve  obtain  the  foil  owing  j 


result  of  integration t 
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The  following  values  ware  used  in  solving  equation  (VI, 88): 

n  *  0,1,  0,2,  0,3,  0,4,  0,5,  i  0,6 

C,  «  0,05,  0,10,  0,15,  0,20,  0  25,  0,30,  0,40,  0,50,  0,60  cm**, 

Cy  “0,1, 

v*  **  2,  4,  6,  3  m/sec, 
h  *  20,  40,  80,  80,  100,  120  m 
E  *  100  O/see 

Since  both  the  pollutant  concentration  and  the  dustfaJLi  are 
directly  proportional  to  emission,  re-calculation  for  different  values 
of  emission  requires  a  simple  multiplication  of  the  result  by  a 
suitable  coefficient* 

It  follows  frota  an  analysis  of  the  results  of  calculations 
that  in  the  case  of  constant  wind  velocity,  pollutant  concentration 
depends  on  the  meteorological  parameters  n,  Cz  and  Cy  only  to  a  small 
decree.  In  view  of  this,  it  was  possible  to  represent  these  relation¬ 
ships  in  graphs  (Figs.  VI, 23,  VI,24,  VI, 25  and  VI, 26).  Bach  of  these 


154 


1 


Figures  corresponds  to  a  different  wind  velocity*  The  maximum  average 
pollutant  concentration  is  plotted  along  the  abscissa.  The  dotted 
lines  eneirole  all  the  possible  values  obtained  in  various  combination! 
of  n,  Ca  and  Cy.  The  solid  line  represents  the  average  value* 

To  show  the  influence  of  wind  velocity  on  the  average  maximum 
pollutant  concentration,  Pig*  VI, 27  contain*  also  the  curves  of 
average  values  from  Fige.  VI, 23,  VI, 24,  VI,25  and  VI,26.  The  dotted 
line  represents  possible  deviations  from  the  average  values  for  a 
given  wind  velocity  in  percent  of  pollutant  concentration*  At  high 
source  elevations,  these  deviations  may  reach  50?.  However,  since  in 
the  case  of  high  source  elevations  the  absolute  value  of  pollutant 
concentration  is  snail,  even  deviations  as  high  as  50;t  are  not  very 
significant* 


Fig.  VI,  23*  Average  maximum  con¬ 
centration  of  pollutants,  In  mg/ 
a?  for  wind  velocity  vw  *  2  ^/ set, 
n  *  0.1  —  0.6,  Cz  »  0.05  —  0.6, 
1.  The  average  value;  2*  Sctrems 
values  corresponding  to  given 
limits  of  n  and  Cz. 

Legend:  a.  Maximum  pollutant 
concentration,  in  mg/uii;  b*  Ele¬ 
vation  of  source. 


Pig.  VI, £4,  Average  maximum.  con-; 
contration  of  pollutants,  ir.  sag/ 
m3,  at  a  wind,  velocity  vw  “4  m/ 
sec,  n  •  0.1  —  C.6,  Ca  *  0*05 
—  0.6.  1.  Average  value;  2,  Ex¬ 
treme  values  corresponding  to 
given  limits  of  n  and  Ca. 

Legend:  a.  Maximum  pollutant 
concentration;  b.  Elevation  of 
source.  i 
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Fig*  71,25*  Average  maximum  oorf- 
oantration  of  pollutant*,  in 
ma/»3  at  a  wind  velocity  vtf  ■ 

«  o  m/eec,  n  a  0.1 —  0*6,  C2  ■ 

■  0.05  -  0.6.  1*  Average  value; 

2*  Extreme  values  correepondin4 
to  given  limits  of  n  and  Cz. 


Legend:  a*  Maximum  pollutant 
concentration;  b.  Elevation  of 
aource* 


Fig*  71,26.  Average  maximum 
concentration  of  pollutants, 
in  mg/m’  at  a  wind  velocity 
v*  *  6  m/sec,  n  *  0.1  —  0*6, 
Cz  *  0.05  —  0.6.  1.  Average 
value;  2.  Extreme  values  cor¬ 
responding  to  given  limits  of 
n  and  CB. 


Legend:  a.  Maximum  pollutant 
concentration;  b.  Elevation 
of  source. 


CD 


Fig.  71,27.  A  composite  graph  of  the  average  maximum  concen¬ 
tration  of  pollutants,  in.  og/m3,  for  different  wind  velocities.  1. 
Curve  of  possible  deviations  from  the  average  value 

Legend:  a.  Maximum  pollutant  concentration;  b.  Elevation  of 
aource;  c.  Deviation,  in  %. 
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The  value  a  of  the  distance  ao^y  at  which  maximum  concentrations 
Sqqox  arise  are  given  In  Table  VI,  8  which  embodies  all  the  possible 

combinations  of  parameters  n,  Cg  and  h  within  the  previously  given 
limits. 

According  to  R.  Trappenberg,  tabulation  of  the  average  aaoclauci 
dustfall  can  be  done  in  the  following  manner.  Transformation  of 
formula  (VI,3)  gives  the  following  relationship  for  dustfall  distri¬ 
bution  around  the  source  of  emission 


0,« 


bE(2-ri)Hvw 


It  Cy  0,  X 


X*-n)  dvw  j 1 


•«  «*P  " 


ds  »«t 


(VI,89) 


The  distance  from  the  source  at  which  maximum  dustfall  occurs  is 


H*\»“ 


ximut  *“ 


(VI, 90) 


The  maximum  value  of  dustfall  is 

A  _  MW-.'K'-tf  fVT9i) 

Average  maximum  dustfall  is  determined  in  a  maimer  analogous 
to  that  for  the  maximum  pollutant  concentration 


'P  it  m#jr  ** 


9  (VI,92) 

f  f  Opdxdy 

Op  i,  mi*  - 

J  J 

~v*  *. 

After  integrating  within  the  same  Limits  as  those  An  ^VI,87), 
we  obtain  n  ** 


f' 

-y*  *i 


l  dx'dy  ~  44 - ~ JKl -J- _  (VI, 93) 

!  d*; 


r  e-«u*£?du 

•  \c,xm;*~IJ  _ 
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Table  VI, f. 

Distance  x^,  in  kilometers,  from  the  source  at  which  maximum  pollu¬ 
tant  concentrations  arise 

C,  j  WyeokoiC  H,  m  j 

<a*‘!  20  |  30  i  40  i  50 -i  60  '  70  '  80  90  !  100  110  |  120  : 


0,1  I  0,05  !  0,7 j  1,1 ;  M!  141  2,2 j  2,6  3,0  3,4  3,8!  4,2  4,6 

!  0,5  0,71  0,o!  1,1  13  1,4  1,6 i  1,8  2,0i  2J 


oa  0,05  13  2,0 !  2,8! 

10  0,6 1  0,9  13  i 

15  !  03  0,9 1 


Table  VI, 8.  (continued) 
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Table  Vl,10, 

Average  mexigium  duatfall  Opgr  An  3/mVday'  at  *  wind  velocity  v 
*  4  ju/aec  and  unit  eolation  E  ■  100  g/aeo 
c  )  Elevation  wyaaaoid  H,  m  i 


144  1,14  0,7$  046  049  044  046  042  0,19  0,19 

246  1,77  140  1,14  049  030  037  0,58 

249  249  1,77  Ul  141  1,14 

930  240  140  1,77 

240  2,49 


04  049  2401  1,17  j  0,71 
10 
IS 
29 
25 
90 
40 
50 

JSl. 

049 


40  046 
,45  0,08 


i  4441  2,75 


0,14  0,12 
0,70  047  0,47 
144  1,18  141 
240  240  147 
942  244  240 
445  440  940 
942 


0,19  0,10  048  047 
049  041  044 
045  040  049 
141  144  1,02 
1,74  1,51 
941  249 
5,09  4,10 
6,70  540 
941  747 


Table  VI,  31. 


Average  Maxima  duetfall  Optr  m,v,  In  g/a^/day  at  wind  velocity 
vw  ■  6  »/«•«  ana  unit  emieaicn  8  *  100  g/eec 

!  Cievttben  WytekoUH,m 


0331  033 1  030 !  0>40 
1*57 

9*79!  3*00 1  239 
!  M9 


0,1  035 

10 
19 
90 
99 
JO 

! 

90 
00 

0*2  0,05  3,15  1*01  0,99  0^5  0*40  034  0*26 

10  4*36  3,13  239  1,64  1*23  0,90 

15  534  4,14  3,19  2*46  230 

90  030  937  4,14  334 

25  031  9*61  435 

30  934  0,72 


035  i  132|  0,40 
138 


035  j  0*24 


1,12;  0,91 
231  134 
931!  2*31 
4,06  3,99 
7,32  0,75 
1037  839 


0381  0*00 
039 
0,77 
130 
235 
3*61 
5,10 
7  8,68 
3  1031 
1 


1237  10,19 

i  030  0,04 
0,19  0,17 


0,14  I  0,12 


6,94  I  0,14 


'>11 


Table  VI, lit  (continued) 
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M— 
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1 
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•1 
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030 
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032 

1 

032, 
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0 38 

10 

1,07 

033 
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0,17 1 

0,14 

0,10 

030i 

037 
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19 

4,30 
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1,00 

0,73 

032 

038 
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0,10, 

0,16 

0,12 

20 

7  38 
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1,07 
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0,90 

036  i 
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033 

038 
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25 

10,65 

533 

3,10 

231 

1,40 

1.04| 

030 

032 

030! 

0,42 

035 

30 

13,86 

7,14 

436 

236 

1,07 

M3 

1,14 

0,00 

0,73, 

031 

030 

40 

2131 

1131 

738 

4,95 

333 

2,63 

231 

13« 

1,30 1 

137 

0,00 

50 

1735 

10,60 

730 

338 

3,93 

3,10 

2,44 

1,99 

136 
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« 

_ 

25,06 

13,86 

10,18 

738 

530 

i 

4,36 

330 

234, 

236 

1,97 

j  0,05 

035 

0,11 

0,06 

035 

033 

0,02  i 

032 

0,02 

0,02, 

0,02 

032 

132 

0,45 

035 

0,16 

.0,11 

0,08  j 

0,06 

0,05 

035 

0,03 
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j  15 

237 

0,02 

034 
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I  035 
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030 
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036 

:  20 

4,04 
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0,96 
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038  i 
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0,14 

0,12 

0,11 

25 

6,11 

2,78 

1,58 

1,01 

0,70 

031 ; 
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0,31 

035 

030 

0,17 

|  30 

8,63 

3.70 

237 

1,46 

m 

0,76! 

0,57 

0,45 

0,37 

0,31 

035 

40 

14,43 

630 

330 

238 

1,68 

1,16  i 

037 

0,68 

0,56  j 

035 

037 

1  50 

t 

20,42 

10,01 

6,15 

435 

232 

238: 

131 

136 
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034 

0,73 

60 

2732 

1431 

832 

5,74 

333 

2,78, 

2,06 

1,63 

132 

134 

037 

In  order  to  facilitate  calculations,  dJLs Unces  xmax  at  vAiich 
maximum  due tf all  occurs  as  calculated  on  the  basis  of  equation  (VX,90) 
are  given  in  Table  VI,  14* 

Tables  VI, ft  thru  VI,14  list  numerical  values  for  x^ny>0«5 
kilometer*  This  follow*  from  the  accepted  practice  of  re-calculating 
the  values  for  standard  surface  area  (x-  *  500  meters)  on  the  one 
hand,  and  from  the  fact  that  considerable  disturbances  in  wind  direc¬ 
tion  and  velocity  car  ariae  in  the  vicinity  of  the  source  on  wie 

other. 

j 

j  As  has  been  previously  remarked,  the  average  majdL&tura  values 

!  of  pollutant  concentration  and  dust fall  are  considerably  suailar  in 
I  the  event  of  large  variations  in  the  direction  of  wind.  This  decrease 
|  can  be  taken  into  account  using  Fig.  VI, 25  which  gives  a  family  of 
i  ouwes  for  various  values  of  deviations  in  wind  direction.  The  values 
|  of  y<lM,  sre  plotted  on  the  abscissa,  and  the  ordinate  represents  the 


Table  VI,12.  (continued) 
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Table  VI, 13. 

Corrections  for  Cy  0.1 
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coefficient  by  which  it  is  necessary  to  multiply  the  values  obtained 
from  the  graph  in  Pig.  71,23,  or  from  Tables  71,9  thru  VI, 12. 


Table  VI, 14. 

Distances  Xftzx  irm  *he  source  of  pollution  at  which  maxi- 
stum  pollutant  concentrations  arise 
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PART  THREE 

TESTING  CF  ATMOSPHERIC  POLUJTANT3 
Chapter  VU 


Methods  of  Measuring  Atmospheric  Pollution 


1*  Introductory  remarks 

The  problem  of  pollution  abatement  la  extremely  complex  and 
involved*  and  the  state  of  knowledge  In  this  field*  both  theoretical 
and  experimental*  cannot  be  regarded  ae  satisfactory*  For  this  reason* 
great  importance  attaches  to  systematic  and  widespread  measurements 
of  air  pollution*  ae  these  contribute  to  a  deepening  of  the  knowledge 
of  the  problem*  and  supply  practical  pointers  of  value  to  the  technAlo- 
gy  of  pollution  abatement* 

Atmospheric  pollution  can  be  considered  in  three  stages: 

1.  Emission  phase; 

2.  Dispersion  phase; 

3.  Deposition  phase* 

The  sampling  technology  embraces  all  these  phases,  but  it  has 
a  different  tank  to  perform  in  each  case,  and  different  methods  are 
used* 

The  measurement  of  emissions  by  large  industrial  sources  is 
j  relatively  the  easiest*  The  results  of  these  measurements  give  an 
idea  of  the  degree  of  responsibility  on  the  part  of  a  giver:  source 
for  uhe  total  pollution  of  the  district*  in  addition  to  supplying 
direct  pc inters  as  to  the  necessity  of  reducing  the  amount  of  emitted 
pollutants * 

A  little  more  difficult  is  the  measurement  of  emissions  by 
numerous  small  and  scattered  sources*  such  as  domestic  fireplaces 
and  automobiles*  The  difficulties  are  not  inherent  in  the  sampling 
techniques,  but  in  the  number  of  sources.  Therefore*  it  is  necessary 
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to  measure  emissions  from  single  sources,  and  estimate  emissions  of 
the  r attaining  ones. 

The  measurement  of  pollution  in  the  dispersion  phase  is  ex¬ 
tremely  difficult*  The  strong  relationship  between  dispersion  and 
meteorological  conditions,  as  well  as  the  changes  undergone  by  emitted 
pollutants  as  a  result  of  absorption,  desorption,  coagulation,  condan- 
sation  or  mutual  chemical  or  photochemical  reactions  cause  quantita¬ 
tive  and  qualitative  changes  in  the  pollutants  with  time  at  given 
points  in  tho  atmosphere*  Nevertheless,  systematic  and  continuous 
sampling  in  this  phase  is  necessary  since  it  allows i 

1*  To  determine  whether  intermittent  pollutant  concentrations 
attain  values  which  represent  danger  to  human  health; 

2.  To  check  the  degree  to  which  theoretical  calculations  of 
pollutant  dispersion  from  a  given  source  correlate  with  practical 
conditions; 

3*  To  determine  relationships  between  the  individual  para¬ 
meters  influencing  the  degree  of  pollution. 

In  addition  to  sempling  techniques,  the  methods  used  to  analyze 
the  result  a  of  ineasurwients  ?.re  of  fundamental  importance*  For  instance, 
they  rwake  it  possible  to  introduce  suitable  coefficients  into  equation  i 
for  pollutant  dispersion  in  r  given  region,  thus  making  it  possible 
to  determine  accurately  the  influence  on  the  existing  state  of  air 
pollution  by  the  locations  chosen  for  new  sources  of  emission* 

As  a  result  of  gravity  and  precipitation,  some  pollutants,  and 
notably  particulate  matter  and  condensed  fumes,  settle  on  the  surface 
of  the  earth.  In  this  connection  measurements  are  conducted  to  deter¬ 
mine  the  amount  of  dust  settling  on  the  ground*  Although  the  dustfall 
figures  can  be  re-calculated  directly  into  particulate  pollutant 
concentrations  only  in  a  few  cases,  they  do  nevertheless  constitute 
|  a  valuable  clue  as  to  the  degree  of  pollution. 

One  of  the  main  virtues  of  bust fall  measurement  is  the  fact 
!  that  the  equipment  used  for  this  purpose  is  relatively  che  jj  and  sim- 
|  pie.  Furt'ueimoro,  when  certain  simplifying  assumptions  are  made, 

I  dustfall  figures  can  supply  data  similar  to  those  gathered  in  the 
■  dispersion  phase. 

2.  Choice  of  monitoring  locations 

In  view  of  uhe  fact  that  pollutant  concentrations  change 
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strangle  with  place  as  wall  aa  with  tins,  tha  problem  of  the  number 
and  location  of  monitoring  points  ia  essential  to  the  procurement  of 
reliable  results* 

According  to  «J.  Pelletier  (VII.2),  the  following  criteria 
deteraine  the  choice  of  monitoring  points: 

1.  Population  density) 

2.  Concentration  of  Industry; 

3*  Geographical  and  tppographloal  conditions; 

U*  local  meteorological  conditions j 

5*  local  microclimatic  conditions. 

Since  the  a* in  aim  of  pollution  measurements  is  to  protect 
human  health,  it  is  obvious  that  the  number  of  monitoring  points 
should  be  proportional  to  population  density*  Similarly,  large  numbers 
of  monitoring  points  should  be  located  in  the  vicinity  of  large  in¬ 
dustrial  plants. 

In  urban  areas  situated  in  flat  locations,  monitoring  points 
should  be  eet  up  at  street  level,  as  well  as  on  tops  of  the  tallest 
buildings.  In  cities  located  in  valleys,  and  in  general  in  all  places 
where  terrain  relief  causes  considerable  turbulence  of  air  flow, 
monitoring  points  should  be  located  on  as  many  levels  &s  possible. 

If  the  mean  distribution  of  local  winds  is  known,  tho  concen¬ 
tration  of  monitoring  points  downwind  frew  industrial  plants  should 
be  greater  than  that  upwind.  Theoretical  calculations  of  pollutant 
distribution  should  be  used  to  a  significant  degree  in  establishing 
the  location  of  monitoring  points, 

i  Aspiration  of  air  .into  sampling  instruments  should  be  suffi¬ 

ciently  free.  Monitoring  points  should  not  be  pieced  In  densely  built- 
up  areas  or  too  near  tha  sources  of  emission,  (e.g.,  factory  stacks). 

These  are,  of  course,  merely  general  principles  for  siting 
men o boring  stations,  and-  the  matter  should  reosive  individual  attenticn 
|  in  particular  cases.  Needless  to  say,  tha  aim  should  b*»  to  establish 
;  *t  many  monitoring  stations  as  possible,  but  technical,  and  financial 
j  considerations  may  militate  against  this. 

Tills  matter  receives  different  treatment  in  various  urban  and 
industrial  areas.  In  London  there  are  262  monitoring  points,  62 
of  which  carry  out  continuous  measurements  of  particulate  matter  and 
SO,  concentrations.  This  corresponds  to  one  monitoring  point  per 
5  £»2  of  surface  area.  In  Paris,  them  are  13  points  for  continuous 
measurement  of  particulate  matter  Mid  SCI,  concentrations,  correspond- 


f\ - 


ing  to  one  station  per  37  km2*  Zt  is  slued  in  France  to  have  at  least 
one  monitoring  point  per  9  to?  (71*3). 

3h  the  course  of  samplings  carried  out  around  Bochur.  in  1950  - 
1956,  1*700  dustfall  meters  were  set  up  over  an  area  of  2,100  tar, 
corresponding  to  one  meter  per  1,2  tar.  According  to  English  data, 
the  result  of  measurements  from  one  monitoring  point  may  be  charac¬ 
teristic  of  the  dustfall  over  a  circle  having  a  surface  area  of  400 
and  that  only  if  the  monitoring  point  is  well  situated, 

3,  Duration  of  sampling 

The  frequency  of  unit  samplings  of  atmospheric  pollution 
depends  firstly  on  the  purpose  of  sampling  and  on  the  method  of  inter¬ 
pretation.  Fluctuations  in  the  concentration  of  atmospheric  pollutants 
are  very  large  at  the  Individual  points.  The  values  of  pollutant  con¬ 
centrations  may  alter  within  a  few  minutes  by  several  orders  magni¬ 
tude  (usually  between  1  and  100)  (VII, 3),  Therefore,  if  the  purpose 
of  sampling  is  to  determine  this  variation,  the  duration  of  unit  samp¬ 
lings  should  be  limited  to  a  ininiirum  consistent  with  concentrations 
arising  at  that  point,  and  with  the  sensitivity  of  the  sampling 
method,  A  period  of  less  than  one  hour  is  usually  sufficient  in  the 
case  of  average  pollutant  concentrations  and  prevalent  qualitative 
analytical  methods.  However,  samplings  lasting  an  hour  are  of  interest 
only  In  exceptional  e&e&e,  a.g„,  in  establishing  the  correlation 
between  the  volume  of  motor  traffic  and  pollutant  concentrations.  The 
'  results  of  measurements  carried  out  in  Paris  (VII, 3)  are  given  in 
j  Fi«.  VHI,1. 

i 

In  order  to  evaluate  tlie  air  from,  the  hygienic  standpoint, 
average  values  collected  over  longer  period  of  time  are  necessary, 
and  one  day  is  generally  chosen  as  the  unit  sampling  Lime,  This 
duration  is  also  adequate  for  most  correlative  analyses,  Konthly  and 
j  annual  averages  can  be  obtained  from  the  results  of  day-long  samplings 
j  An  example  of  monthly  fluctuations  in  pollutant  concentrat  ion  in 
I  Paris  is  show  in  Fig.  \T1T,Z  (VII.3)*  In  the  case  of  seme  sampling 
I  methods  (e.g.,  in  measuring  the  dustfall.  by  dustfall  meters),  the 
|  duration  of  eampling  is  much  longer,  and  amounts  to  one  mouth • 

» 

]  It  should  be  stressed  that,  independently  cf  ths  method  end 

j  unit  time  used,  the  sampling  should  be  done  continuously.  Cnly  the 
i  results  of  continuous  sampling  can  provide  a  basis  for  the  evaluation 
j  of  the  general  hygienic  state  of  the  atmosphere.  Of  course,  spot 
j  chocks  can  be  carried  out  at  individual  points  for  research  and 
|  experimental  purposes. 
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4.  Accuracy  of  measurements 

A*  In  other  cased,  interpretation  of  the  results  of  pollution 
measurements  is  of  great  importance. 

The  error  in  the  results  of  sampling  consists  of  systeo&tic 
error  and  random  error* 

Systematic  error  of  the  sampling  instrument  is  detemined  by 
calibration,  and  is  then  taken  Into  account  by  the  introduction  of 
a  suitable  correction  into  the  readings  The  determination  of  system¬ 
atic  error  in  pollution  sampling  instruments  ia  generally  diffioult, 
and  in  some  cases  quite  impossible.  This  relates  particularly  to 
the  instruments  for  measuring  particulate  concentrations  (0.13).  For 
this  reason,  all  sampling  results  are  arbitrary,  and  a  comparison  of 
results  obtained  with  the  aid  of  instruments  working  on  different 
principles  is  essentially  impossible.  This  creates  the  need  for  stan¬ 
dardization  of  sampling  instruments  and  methods* 

Random  error  is  due  to  a  number  of  minor  causes  which  are 
difficult  to  determine  theoretically  and  experimentally.  Estimation 
of  error  based  an  th  e  theoiy  of  probability  concerns  only  the  random 
error. 

[  Determination  cf  random  er^or  ir  the  results  of  pollutant 

!  concentration  measurenrnts  is  usually  also  difficult.  In  the  measurement 
j of  ocher  physical  quantities,  a  given  number  of  readings  is  usually 
'  taken,  and  the  random  error  is  detemined  on  the  assumption  cf  a 
normal  Gaussian  error  distribution 
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ic  the  mean  arithmetical  eri*or; 
is  mean  square  error? 
is  the  result  of  an  individual  reading; 
is  the  arithmetical  mean  from  n  reading* ; 
is  the  number  of  unit  measurements; 


b  is  the  index  of  accuracy. 

In  the  case  of  pollutant  concentration  determination,  the 
quantity  measured  ia  never  constant  in  tine,  the  nature  of  its  varia¬ 
bility  depends  on  a  nur-ber  of  parameters,  and  it  has  e  different  form 
in  the  individual  casas.  Thus  discrepancies  between  the  consecutive 
reelings  taken  at  the  sac*  point  at  given  intervals  of  time  are 


177 


caused  by  tho  changes  in  the  measured  quantity,  &»  veil  as  by  random 
error.  Since  ir.  this  case  it  would  not  be  indicated  to  operate  with 
mean  error  values,  standard  davi&tion  (T  is  made  use  of  in  calculations 

„  _  l/  -S?*'  _  S)*  (VH.2) 

r  n  —  1 

In  accordance  with  the  statenente  made  at eve,  and  assuming 
that  random  error  does  not  depend  on  the  changes  in  the  quantity 
measured,  we  can  write 

c  •»  |/b«  -f  v*  ex*  v  -  db  *  -  bm  (m*3) 

where  bis  is  mean  square  error} 

>'  is  standard  deviation  of  the  measured  quantity. 

The  ratio  of  bm  to  v'  should  be  so  small,  that  It  should  be 
possible  to  determine  whether  discrepancies  between  results  are  caused 
only  by  random  error,  or  whether  changes  ‘save  occurred  in  the  measured 
quantity. 

The  foregoing  relationships  show  that  changes  in  the  measured 
quantity  amounting  tc  I0£  can  be  detected  using  apparatus  whose 
random  error  does  not  exceed 

1  5.  Methods  of  compilation  and  analysis  of  results 

j 

j  All  results  of  pollutant  concentration  measurements  are 

j  averages  for  the  duration  of  sampling.  Ac  has  been  mentioned,  the 
,  minimum  duration  of  sampling  le  24  hours,  «hen  average  values  are 
j  given  for  longer  sampling  periods,  arithmetical  means  of  the  individual 
junit  measurement?!  are  commonly  used. 

| 

However,  the  knowledge  of  the  average  value  of  pollutant, 
i  concentration  is  not  sufficient  for  establishing  the  degree  of  harsv- 
< fulness  of  &  given  pollutant  to  human  health,  and  graphical  methods 
i  are  beat  used  to  this  end.  Of  great  convenience  is  a  system  of  coor- 
jdlnatss  whore  pollutant  concentrations  are  plotted  on  the  abscissa, 

'  and  percentage  lengths  of  ti/rve  during  which  concentrations  higher 
!  or  lower  than  the  average  occur  are  plotted  on  the  ordinate.  As  an 
j example.  Table  VII,1  shows  the  results  of  particulate  matter  concentra- 
1  tions  measured  over  a  period  of  3C  days.  Table  VII,2  contains  these 
|  results  in  the  form  ready  for  use  in  the  graph  shown  in  Fig,  VII,3. 
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Furthar  conclusion#  can  bo  drawn  from  the'  graph  drawn  on  the 
ba»i#  of  those  data  on  a  probability  grid  (Fig.  VII, 4). 


I  Fig.  VII, .'U  Grach  showing  the  frequency  of  occurrence  of 

i  various  particulate  concentration# 

I 

!  Legend:  1.  Frequency  of  occurrence  of  concentrations  lower  than 

j  Sg,  ir.  2-,  Particulate  concentration. 

i 

’Whan  comparing  a  series  of  readings  made  at  different  times 
j  at  the  seme  point,  or  those  made  simultaneously  at  various  saints,  it 
j  should  be  remembered  that  the  differences  between  arithmetical  mean 
!  values  do  not  always  reflect  the  trends  of  change  in  the  measured 
!  quantity.  For  example,  let  ue  consider  a  case  in  which  pollutant  con- 
|  centrations  were  measured  in  the  vicinity  of  a  largo  plant  in  which 
j  highly  affective  oust  arrester  devices  had  been  newly  installed.  This 
i  hfis  led  to  &  drop  in  pollutant  concentration  at  e  given  monitoring 
!  point.  At  one  time,  the  arrester  device  was  damaged,  causing  a  brief 
;  but  violent  Increase  in  pollutant  emission  with  the  resultant  Increase 
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Fig.  7X1,4.  Graph  showing  the  frequency  of  occurrence  of 
various  pollutant  concentrations  on  a  probability  grid 

Legends  1.  Probability  of  occurrence  of  S-^SU  2.  The  value 
of  3^  3.  Frequency  of  occurrence  of  3g>Sg».  6  a 

j  in  the  pollutant  concentration  at  the  monitoring  station.  To  take 
j  this  maodmum  Into  account  in  calculating  the  arithmetical  mean  would 
|  lead  to  the  files  conclusion  that  emission  from  that  source  had  in¬ 
creased. 

I  Mathematical  reasons  for  discrepancies  .in  the  results  are 

dealt  with  on  the  basi?  of  the  Student  significance  test  t,  which 
takes  into  account  the  effect  of  completely  random  values  of  little 
probability. 

Let  xj  (i  ■  1,2,3, ...nO  and  y*  (k  ■  l,2,3,*.»n2)  be  the  resul 
of  the  consecutive  measurements  of  two  quantities  in  two  series 
!  conducted  simultaneously,  or  two  series  of  measurements  conducted 
j  one  after  the  other.  The  question  is,  what  is  the  probability  that 
|  results  ucjl  and  'fy  ar®  taken  from  the  asmo  set*  The  answer  to  tide 
1  question  can  be  obtained  with  the  aid  of  the  Student  statistics  t. 
j  Its  value  for  the  number  of  degrees  of  freedom  nj.  *  n2  -  2  is  given 
|  ty  the  relationship 
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Comparing  the  value  of  t  obtained  frcm  the  above  relationship 
with  t*  found  in  the  Student  tables  of  distribution  of  t  for  a  given 
number  of  degrees  of  freedom,  we  can  determine  whether  the  probability 
of  «  difference  between  the  average  values  of  the  two  aeries  of 
measurements  is  greater  or  smaller  than  aC  • 

Table  VII, 3. 


Compilation  of  the  results  of  duotfall  measurements  In  g.mVday 


Legend*  1*  Month;  2.  le&rj  3*  Average. 

A  calculated  example  is  given  as  an  illustration.  Table  VII,3 
I  lists  the  results  of  dun tf a  11  measurements  for  two  years.  It  is 
i  necessary  to  find  out  whether  there  had  been  a  change  in  dust  concen- 
j  tration  after  the  first  year.  The  arithmetical  mean  of  dust  oanoentra- 
I  ticn  in  year  IS  *  0.97  g/n'2/day,  while  that  for  year  II,  y  »  0.63 
[  g/mV^sy*  It  clearly  follows  from  a  comparison  of  the  avorage  values 
that  there  had  been  a  sharp  reduction  in  dust  concent  ration  in  year 
II.  The  decrease  aments  to  35#.  Now  it  remains  to  be  checked,  if 
j  this  result  is  fortuitous.  From  data  contain®*.!  .in  Table  VII,  3  wo 
can  calculate  further  values  necessary  for  the  Student  test  of  sign!- 
{  ficanoe;  X  (*i  -  “  2.912?;  *j£  (yj*  -  ?)2  ■  1.1064;  m  «  11;  nj  a 

jt.  12.  Therefore,  t  equals 

t  ,.  .  w/  n.i2  ,  oa 

?/'a,Sl27  -  1,1064  V  11  +  12  *  1,88 
7  XI +  12 -  2 

In  the  tables  ve  find  for  •-  1.86  a  probability  of  0.05 
to  0.1.  This  means  that  the  probability  of  a  fortuitous  appetranca 
!  of  a  difference  between  average  values  as  large  as  35#  is  10#,  and 
it,  cannot  be  maintained  with  certainty  that  there  has  been  a  drop  in 
duct-fall  relative  to  the  previous  year. 
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Among  the  more  important  aims  of  atmospheric  pollution  measure¬ 
ments  ie  to  establish  the  influence  of  the  individual  emission  sources 
on  the  total,  level  of  pollution.  Thia  influence  can  be  determined 
in  a  fundamental  manner  only  with  respect  to  those  large  sources 
whose  emisti  vi  is  eo.ual  to  aero  over  sufficiently  long  sampling  periods 
Thus,  for  instance*  we  can  determine  the  influence  of  emission  due  to  ] 
space-heating,  since  this  emission  is  equal  to  zero  during  the  summer 
months. 

In  general,  it  is  necessary  tc  measure  a  large  number  of  para¬ 
meters  in  addition  to  the  pollutant  parameters  if  the  correlation 
between  the  source  activity  and  pollutant  levels  is  to  established. 

How  detailed  and  extensive  these  measurements  have  to  be  is  seen  from 
a  measurement  chart  (Fig. VII, 5)  prepared  by  the  Saar  meteorological 
service  (VII.4). 

Since  the  chart,  is  intended  for  correlative  calculations  using 
computers,  the  values  contained  in  it  have  been  coded  in  10  ratings 
frail  0  to  9,  and  a  separata  key  has  bean  prepared  for  each  of  the 
parameters* 

The  individual,  values  are  recorded  by  punching  a  hole  in  the 

chart. 

The  relationship  between  the  values  of  two  different  quantities 
can  be  determined  by  statistics!  mathematics  methods*'  The  relation¬ 
ship  between  two  different  quantities  is  expressed  by  tbo  correlation 
coefficient  r  (VII. 1)  given  by  the  formula 

lt»v 

v  (VII,  5) 

r=a . -  0 

}7  -  2)»J£(y  -  y)1 


S  where  x  and  jr  are  the  results  of  measurements  of  two  independent 
j  quantities  X  er;d  T< 

I  S  and  y  are  averaged  valuer  of  results; 

j  n xy  is  the  number  of  pairs  of  me  suremants  of  both 

quantities* 
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Relationship  (VII, 4)  can  be  written,  in  different  forms  which  arq 
sometimes  more  convenient  for  calculation 


2*y  I*  2V 


r  «= 


l*y 


n*y  nxy 


(VII, 6) 


or 


RHifl 
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(X  **  ~  1t*y  s*)  (£  y*  *■*’  W*y  p*) 


(VII, 7) 


In  the  case  of  two  series  of  measurements  of  two  different 
quantities,  correlation  coefficient  r  always  fulfills  the  double  in¬ 
equality 
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If  the  measured  quantities  are  independent,  then  we  obtain 
r  *  0.  If,  however,  it  follows  frorr.  recalculation  that  r  »  0,  it 
can  only  be  stated  that  these  quantities  are  -unrelated. 


Tho  e&3e  where  r  ■  -1  is  the  extram*  opposite  of  independence. 
If  r  •  fl,  than  the  direction  of  change  in  both  these  quantities  is 
the  same,  i.e. ,  greater  values  of  one  of  the  quantities  correspond  to 
greater  values  of  the  other.  If,  on  the  other  hand,  r  *  -1,  tnen  the 
direction  of  change  is  opposite.  We  can  accept,  after  G&vette  (0.24), 
the  following  degrees  of  relationship  between  measured  quantities: 

Value  of  correlation,  coefficient  r  _ degree  of  relationship 


<0.30 
0.30  -  0.50 
0.50  -  0.^5 
0.75  -  0.90 
>0.90 


virtually  nil 
medium 
considerable 
high 

vexy  high 


If  the  number  of  measurements  is  very  small,  then  the  actual 
correlation  coefficient  rc  should  be  calculated  from  the  formulas 


(711,9) 
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Ac-  an  example,  calculation  is  shown  of  the  coefficient  of  cor¬ 
relation  between  grit  emission  from  a  given  source  and  particulate 
matter  concentration  at  a  given  monitoring  point*  The  results  of 
simultaneous  measurements  of  emission  and  particulate  matter  concen¬ 
trations  are  given  in  Table  VH,4*  flaess  data  were  used  to  calculate 
the  values  entering  into  equation  (vn,6)t 

2xy  -  1281,18;  2xy/nm 
*  42,706;  2x  «  8,17;'  2x/n  -  0,1728;  ’  (X*/ft)*  -  7168;  Ix/n  - 
-288,83;  (Jx/n*)  -  57039,77;  2*  -  0,9617;  2x*/n  -  0,03266; 
2y*  -  1771450;  JTyVn  -  59048,3. 

After  substituting  these  values  in  equation  (V1I,6)#  the 
oorrelati.cn  coefficient  was  found  to  be  r  s  0*717*  This  means  that 
there  is  considerable  relationship  between  emission  intensity  and 
particulate  matter  concentration* 

Table  VII,4* 
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Chapter  \rIII 

Dctercifl&tion  of  Pollutant  amission 


X,  IntroUuotoxy  rgmr kg 

a  well  planned  air  pollution  abatement  action  should  be  bas'd 
above  all,  on  systematic  sampling  of  pollutants  emitted  by  industrial 
plants*  The  results  of  oua Illative  and  quantitative  determinations 
of  pollution  make  it  possible  to  determine  whether  or  not  a  given 
plant  3.3  following  the  ordinances  with  regard  to  mexiir.ua  permissible 
pollutant  cmoonlraticna,  and  to  what  extent  it  is  responsible  for  the 
pollution  of  the  surrounding  ireae 

It  should  be  stressed  that  in  view  of  the  considerable  diffi¬ 
culties  connected  with  accurate  and  extensive  research  into  atmos- 
ipharic  pollution,  particularly  strong  eciphaeis  should  be  placed  on  the 
;  measurement  of  pollutant  emission.  This  in  all  the  more  Justified  in 
!  Poland,  where  the  main  sources  of  pollutant  emission'; are  industrial 
| plants  due  to  the  devslopmeat  of  electric  power  and  heet  generation 
;  and  a  relatively  light  motor  vehicle  traffic. 

i 

i 

■  Determination  of  er.dsoj.ons  is  essenlia.il;,'  confined  to  particu- 
i  late  jTAttor,  X  and  oxides  of  sulfur.  An  exception  to  this  are  chemi-  i 
j o&l  plants,  where  emissions  of  other  gaseous  polluter ts  are  sampled,  j 

| 

2,  General.  principles  of  determining  emissions  of  particulates  ! 

I— »K—  ...I..*,,*',  — —  I  ■  mini  — I—  !■»*  —  ■■■■*—  j 

The  mveeurement  of  particulate  matter  emissions  reduces  to 
idetemJjn.vijon  of  paniculate  matter  concentrations  in  gases  emitted 
'into  the  atmosphere.  Since  these  measurements  were  discussed  in  de¬ 
tail  in  J,  Juda's  previous  works  (0.13),  (VIII. 20),  the  classical 
methods  of  deteirdnirg  particulate  matter  concentrations  in  industrial 
gases  vdU  be  discussed  briefly,  while  automated  sampling  will  be 
cor-idered  more  extensively. 

The  netneds  of  determining  dust  concent-rations  in  flowing  gas 
3 an  be  divided  into  two  groups:  1),  direct  methods;  2),  indirect 
;  iiotheds* 

1  I 

j  Direct  determination  reduces  to  the  following  operations:  j 

|  x),  determining  t-t*.-  goo  flow  in  a  conduit;  2),  aspiration,  of  s  gas 
i  ear, .pie  from:  tho  gas  stream;  3)>  measurement  of  the  volume  of  the 
!  aspirated  sample:  A),  precipitation  of  particulates  contained  Xn  the 


- — . - . . . — - - - -  - - - 

gaa  sample;  5),  determination  and  characterization  of  precipitated 
particulates. 

Further  sub-division  of  direct  methods  follows  from  the  ways 
of  separating  the  dust  from  the  gas  sarnie.  Among  the  instruments 
used  in  these  methods  are*.  1),  cyclones  and  measuring  filters;  2), 
electrostatic  flit ere;  3),  thermal  filters. 

The  amount  of  dust  in  all  these  caeef.  is  detsnuinod  by  weigh¬ 
ing. 


The  indirect,  methods  cen  be  divided  into  two  sub-groups  1  1), 
with  aspiration  of  gee  sample;  2),  without  aspiration,  cf  gas  sample. 

The  first  sub-group  embraces  the  following  instruments:  1), 
camogr&ph;  2),  electrostatic  dustneters:  3)  optical  dustiaaters;  k) 
venturi  tubes. 

Optical  dustne.te.rs  and  venturi  tubes  can  also  work  without 
aspiration  of  gac  samples.  A  schematic  representation  of  the  methods 
used  for  determining  particulate  matter  concentrations  in  industrial 
gaaoa  is  given  in  Fig.  71X1,1. 

tiegardlese  of  ths  method  employed,  the  following  conditions 
must  be  observed  in  order  to  Assure  that  the  results  are  indicative 
1  of  the  actual  particulate  matter  concentration  inn  indur, trial  gases  1 
1),  point  at  which  sample  is  token  from  a  conduit  must  be  chosen  so 
that  it  l’epreserts  the  average  particulate  matter  concentration  .in 
that  conduit;  2),  the  characteristics  o?  particulate  matter  present 
at  the  sampling  point  should  be  representative  of  tin*  average  charae- 
;  teriuticc  of  pyrtieuiato  matter  in  the  conduit;  3),  t.ha  sampling  de¬ 
vice  should  be  constructed,  and  the  conditions  of  aspiration  chosen 
so,  that  the  sample  taken  preserves  the  dust  concentration  and  charac¬ 
teristics  cf  the  mass  of  gas  under  study. 

» 

t  It  can  be  accepted  with  good  .approximation  that  the  above 

;  conditions  will  be  observed  if  the  campling  point  in  a  straight 
;  vortical  conduit  is  located  between  five  and  ten  diameters  away  frent 
i  the  source  of  flow  turbulence  (0.13).  It  should  be  explained  that  by 
!  sources  of  flow  turbulence  wc  understand  not  only  mechanical  obstacles 
;  such  as  changes  in  cross-section,  branches,  knees,  flaps,  fens,  etc., 
t but  also  abrupt  changes  in  gas  temperature,  local  nesting  or  cooling 
i  of  the  conduit's  walls,  etc. 

I 

Since  in  deterndning  the  concentration  of  particulate  matter 
S  in  gases  emitted  into  th«  atmosphere  the  campling  usually  cakes  place  . 


VIII,  1.  Methods  of  neasureaent  of  particulate  natter  concentration  in  industrial 
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in  the  stack,  the  above  condition*  are  fulfilled  if  the  stapling  point 
is  located  at  a  height  equal  to  between  five  and  IX)  stack  diameters 
above  the  flue  gas  inlet  (giver,  an  average  stack  diameter,  between 
15  and  30  cetera  above  the  gas  inlet).  This  statement  is  of  importance 
in  selecting  the  type  of  sampling  instrument  to  be  used,  since  it 
must  be  remembered  that  the  access  to  the  sampling  point  will  be  diffi¬ 
cult,  and  so  the  sampling  instrument  must  not  require  frequent  inspec¬ 
tion,  calibration,  etc. 

It  is  much  more  difficult  to  fulfill  the  condition  concerning 
the  method  of  aspiration  of  the  sample  of  dust- laden  gas.  It  follows 
from  the  works  of  \l.  AUner  (Vin,i),  X.  Cuthmann  (7111,9),  P.  Noss 
(VIII,  13),  E,  Zimmerroen  (VH.1,13)  and  others,  that  the  correct  samp¬ 
ling  of  dust  laden  gas  is  a  fairly  complicated  matter. 

In  order  to  aspirate  into  the  probe  a  sample  of  dust  laden  gae  j 
having  characteristics  unchanged  from  thoee  of  the  gas  stream,  ths 
following  conditions  must  be  observed: 

1.  The  direction  of  aspiration  must  be  the  same  ae  that  of 
the  gae  stream; 

2.  The  placing  of  the  probe  in  the  gas  stream  must  be  such  as 

not  to  cause  any  disturbance  in  the  flow  of  gas  which  might  cause 
changes  in  the  characteristic  a  of  particulate  suspension  at  the  probe  ! 
inlet;  ! 

3.  The  rate  of  aspiration  ouct  be  equal  to  that  of  the  gas  ! 
stream  in  toe  conduit. 

Various  designs  of  probes  exist  for  the  aspiration  of  particu¬ 
late  suspensions  which  secure  the  observance  of  the  above  conditions. 
Among  these,  the  most  popular  are  the  eo-called  zero  probes  and  rapid 
probes. 

I 

I 

;  In  the  sere-type  probes,  the  Isokinetic  conditions  are  pre- 

!  served  through  simultaneous  measurement  of  static  prcaauru".  to  the  j 
j  lead  and  In  the  probe  Itself.  This  type  of  probe  hoc  lately  been 
j  strongly  criticised  (VIII.  1A),  and  rapid-type  probee  now  generally 
used  with  high  gas  flow  rates.  K  diagram  of  a..-:h  i:  probe  t>*d«  by 
Babcock)  is  shown  in  Si ...  VIII, 2.  Four  s-aall  tubes  (1)  for  measurer, -ant 
of  the  total  gas  pressure  at  the  sampling  point  ere  placed  symmetri¬ 
cally  around  the  probe  proper.  Along  the  periphery  of  toe  probe  there 
are  orifices  (2)  for  the  meas'cremera  of  static  pressure  in  toe  tube. 
Tubes  (1)  lead  to  r  chamber  (2),  while  orifices  C*)  --ctr.ect  with 
chamber  (d).  Chamber  (,3)  which  is  under  total  pressure,  and  chamber 
(4)  which  io  under  static  pressure  are  connected  by  moans  of  tubes 
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Fig*  VIII, 2.  Rapid  Babcock  probe*  1*  Stacked  tube*  for  measure¬ 
ment  of  tha  total  pressure}  2.  Orifices  for  measurement  of  the  total 
pressure;  3.  Collecting  chamber  under  total  pressure;  4*  Collecting 
chamber  under  static  pressure;  5  and  6*  Leads  to  micromanoweter* 


(5)  and  (6)  with  a  microoanometer  which  reads  the  dynamic  pressure* 
Thus  this  system  permits  the  reading  of  the  gas  flow  velocity  direct- 
•ly  at  the  point  of  coupling. 

Due  to  the  placing  of  the  orifices,  (2),  the  indicated  values 
of  static  pressure  are  too  low.  The  latest  modification  of  the  rapid 
probe  (Fig.  VIII, 3)  overcomes  this  objection  by  the  use  of  stacked 
concentric  rings. 
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Pig.  7in,3.  Modification  of  Pig.  VIII ,4*  A  measuring  cy~ 

rapid  probe  with  .*  stacked  ring  clone.  1*  inlet  tube;  2.  duet 

container;  3.  paper  filter. 

4  set  of  rapid  probe  herds  manufactured  by  Babcock  consists  of 
six  heads  having  probe  tiiaret^-s  of  33,  46,  5t*»  &?,  7?  <»id  92  an  at  a 
maximum  gas  flow  rate  of  toO  aS/hour, 

Precipitation  of  dust  frees  the  aspirated  gai  sampto  takes  place 
in  special  cyclones.  diagram  of  a  typical  cyclone  deaign  is  shown 
in  Fig*  7111,4.  the  gas  is  led  in  through  a  tube  placed  at  a  tangent 
to  the  cyclone  wall.  Course  particulates  ere  precipitated  to  the  cy¬ 
clone  and  settle  in  the  container  i 2).  The  remainder  of  dust  is  re¬ 
tained  on  the  filter  paper  (3). 


!  the  Babcock  sampling  system  is  »hewn  in  Fig.  7112,5  (VIII.  14). 

Gaeeous  particulate  fmsnansion  is  sucked  into  the  probe  (1)  with  the  { 
aid  of  an  injector  (5)  operated  by  steam  or  compressed  air.  The  gac  j 
flow  velocity  at  the  point  of  aampling  is  measured  directly  by  the 
probe,  and  iis  calculated  from  mlcreaiancEMster  (?)  readings .  The  volume  i 
of  gas  aspirated  into  Uvc  probe  i.e  calculated  frem  the  readings  of  | 
mipreaencoieter  (6)  connected  to  a  venturi  tube  (4).  j 

j 

Gas  aspirated  into  the  probe  passes  into  tne  cyclone  where  | 
coarse  particulates  are  deposited,  and  then  through  a  filter  on  which  J 
the  remaining  particles  are  retained.  In  order  to  prevent  condensation 
of  water  vapor,  the  tube  connecting  this  probe  with  the  cyclone,  and 
the  cyclone  with  the  filter,  are  electrically  heated.,  Knowing  the  J 
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Fig.  VIII,  5,  Tli©  Baocock  sampling  system.  1.  llapid  probe;  2. 
Cyclone;  3.  Filter;  4.  Venturi  tube;  5.  Injector;  6,  7  and  8.  Kicro~ 
manometers;  9*  Gas  temperature  monitor. 

amount  of  gas  aspirated  into  the  probe,  and  the  amount  of  particulate 
matter  deposited  in  the  cyclone  and  on  the  filter,  we  can  calculate 
the  concentration  of  particulate  matter  in  gas  from  the  follovdng 
equation: 

•  Ss  -  ®  (VIII, 1) 

where  Sg  ia  particvilatc  matter  concentration,  in  3/Nn3; 

G  is  the  weight  of  dust  collected  in  the  cyclone  and  on  the 
filter;  in  kilograms; 

V0  Is  the  volume  of  air  aspirated  during  the  sampling,  reduced 
*  to  IMP. 

Knowing  particulate  matter  concentration,  we  can  calculate 
particulate  emission  3 


IWftfOl 
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whore  £  ie  the  coefficient  for  recalculating  $«,  in  jfsbi? ,  into  the 
value  expressed  in  g/sa3  under  the  conditions  of  sampling! 

v  ie  the  average  velocity  of  the  gas  stream  in  the  conduit 
( stack ),  in  m/sec j 

P  is  the  cross-section  of  the  conduit  (stack),  in 

The  average  gas  flow  rate  in  the  conduit  is  measured  by  the 
stacked  tube  connected  with  miercmanometer  (8).  In  order  to  reduce 
the  volume  of  gas  to  TJTP  with  the  aid  of  the  measuring  terminal  (6), 
the  gas  temperature  is  measured  with  the  aid  of  a  thermoelectric  or 
resistance  thermometer,  and  the  gas  is  aspirated  for  chemical  analysis. 

Sash  determination  of  particulate  matter  concentration  in 
industrial  flu*  gases  should  have  a  duration  equivalent  to  three  full 
production  cycles  of  the  plant,  and  not  less  than  eight  hours* 

•  The  particulate  matter  collected  in  the  cyclone  and  or.  the 
filter  is  subjected  to  analytical  processes,  too  most  important  of 
which  ie  toe  fractional  analysis  of  the  particulates*  As  is  known, 
the  knowledge  of  the  particle  else  analysis  is  necessary  for  calcula¬ 
ting  the  dispersion  of  particulate  emissions  in  the  atmosphere* 

3*  The  possibility  of  automatic  sampling  of  par. Jr ulato  matter 
concentrations  in  industrial  gases  ~  * 

Constant,  control  of  particulate  omissions  is  possible  only 
when  a  certain  amount  of  automation  is  introduced  tote  determination 
of  particulate  matter  concentration,  and  whan  continuous  recording 
of  results  is  available.  Respite  a  great  deal  of  research  and  experi¬ 
mental  work  done  to  thin  field,  no  satisfactory  answer  to  this  problem 
has  been  found  to  date. 

It  appears  that  the  solution  to  the  problem  of  automatic 
sampling  should  be  sought  among  the  indirect  methods  of  particulate 
!  matter  concentration  measurements*  However,  this  presents  a  difficulty 
J  in  the  shape  of  the  lack  of  h  quantity  -which  would  be  univoc&lly  do** 

I  pendent  on  particulate  concentration.  The  uneouivocality  of  this  j 

j  relationship  mean?  that  neither  the  physical  and  chemical  properties  I 
of  particulate  matter  ouch  as  5ts  specific  gravity,  particle  size,  . 
chemical  compositing  tc.,  nor  the  properties  of  the  gas,  its  tdfciper-j 
ature,  humidity,  and  its  Impurities  in  the  form  of  vnpors  or  liquid  j 
droplets  should  distort  the  results. 

!  One  of  the  first  indirect  automatic  samplers  xi  toe  carnograph 

!  i'Fig«  VI1I,6),  which  hao  been  used  in  tic  smelting  industry  since 

! _ 
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I  1910  ( VIII *9 ) •  Dust  laden  gc.s  is  c spirited  at  a  rate  of  10  *0  litre?/ 

I  !>  in  through  s  nozzle  'whose  outlet  faces  fa  paper  tape  driven  by  a 
!  clocicworSs'/iOChsrism.  mte  tape  is  used,  for  dark-colored  particulates, 

I  CM\  black  tape  is  used  with  light-colored  dusts.  Dusts  exhibiting  low 
adhesive  power  arc  trapped  on  a  tape  coated  vdth  an  adhesive  compo- 
•  sj.tion.  ?«rtic -late  matter  concentration  of  the  gas  is  estimated 
j  on  the  basis  of  the  color  of  the  tape.  Obviously,  this  method  cannot 
i  be  regarded  as  being  sufficiently  accurate. 


Optical  ciistiaeters  such  as  the  Siemens  smoke  density  gage,  have 
found  a  wider  application.  These  instruments  utilize  the  principle 
of  light  absorption  or  scattering  by  dust  particles.  A  number  of 
works  have  been  devoted  to  both  these  phenomena.  Among  them  are  those 
of  Berek,  Behnchan  and  Schaffer  (7TII.2),  floseg  (0.17;,  Stetter  (vmj 
19),  and  others.  5 

If  a  beam  of  light  having  a  crosa-secticn  area  ?  is  passed 
through  a  medium  supporting  suspended  particulate  matter,  then  the 
drop  in  light  intensityjover  a  distance  -.1  will  be 


fi 

j  J^kgC'N'd 


(VIII, 3) 


i'«0 


i 

J. 


where  K  Is  the  shape  coefficient  of  the  particle  dust; 

C  is  the  coefficient  of  light,  absorption  by  dust  particle} 

K  ia  the  number  of  particles  having  the  size  dj  in  a  volume  F  x 

A  1. 

The  above  formula  is  valid  only  for  a  length  Al  of  the  light 
ray  path  in  which  it  passes  through  only  one  dust  particle.  Further¬ 
more,  the  measured  quantity  depends  on  K  and  C  in  addition  to  being 
dependent  on  particulate  matter  concentration.  In  determining  parti¬ 
culate  concentrations  in  industrial  gases,  where  particulate  mixtures 
undergo  a  constant  change,  it  is  difficult  to  assume,  albeit  theoreti¬ 
cally,  any  sort  of  constant  light  absorption  or  shape  coefficients 
for  dust  particles.  In  addition,  light  absorption  can  also  be  caused 
by  liquid  droplets  contained  In  the  gas,  leading  to  further  error. 


i  Fig.  VIH,7.  Siemens  optical  dustneter.  1  .Photocell;  2.  Channel 
j  walls;  3*  Lens;  4.  light  source.  The  Ringslrcann  scale  is  3hown  at  the 
j  bottom  of  the  Figure. 


These  shortcomings  notwithstanding,  dustncters  working  or.  the 
|  li^ht  absorption  principle  are  widely  used  in  Upland  and  the  USA 
•  as  a  result  of  the  acceptance  in  these  sou’.tries  of  the  Hinge  Inarm 
!  scale  as  x.he  smoke  density  standard. 


;  Fig.  VIII, 7  shows  a  Siemens  optical  dustmeter.  After  passing 

i  through  particulate  suspension  In  gas,  the  light  oeani  impinges  upon 
i  a  photocell  or  a  theimoelamer.t  connected  to  an  indicator  which  gives 
j  readings  of  results  in  the  hingelmann  units  (standards  0  —  3). 

j 

!  tiore  widely  used  are  the  instruments  based  on  the  principle 

.  of  light  scattering.  In  accordance  with  Rayleigh's  theory,  intensity 
i  of  scattered  light  J  is  expressed  by  the  following  formula: 


i  -  ;0 


V* 
R*  l* 


r  3  (n*  -  n*)  * 

1  b,  +  2«|. 


•  (1  +  cos**) 


(vni,4) 
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where  Iq  is  ths  intercity  of  inoident  light; 

V  is  the  volume  of  s  dust  particle; 

R  is  the  distance  between  the  point  of  observation  and  the 
partiole  scattering  light; 

A  is  the  wavelength  of  light; 

n  is  the  refractive  Index  of  the  particle; 

Hq  is  the  refraction  coefficient  of  light  In  the  gas; 

pC  is  the  angle  between  the  direction  of  observation  and  that 
of  illumination. 

The  above  formula  is  valid  only  on  the  asamaption  that  dust 
particles  are  scuch  emaller  than  the  wavelength  of  light.  According 
to  0.  Stetter  (VIII. 19),  the  Rayleigh  equation  can  be  used  only  for 
particles  «£0.1  ju  ?or  particles  betweeri  0.1  and  1  jx,  G.  Mia  (0.14) 
derived  a  complicated  relationship,  for  the  total  scattering  3 


£j?(fe4)  (TOi-5) 


where  «y  “  }i  (fclf/l), 

p*  -  fa(2vrn/i), 
r  is  the  particle  radius. 

,  Since  the  above  relationship  cannot  be  solved  in  an  ordinary 
manner,  uae  must  be  made  of  the  tables  compiled  by  Kia. 

After  transforming  equation  (7111,5),  D.  Sinclair  introduced 
the  concept  of  the  scattering  coefficient  K 


2 

«*»w 


iLmd  \2t>  +  1/ 


(vhi,6) 


I  Checking  the  relationship  K  ■  f (r)  for  various  particulates, 

D.  Sinclair  obtained  for  n  ■  2  and  n  «  1.5  the  relationship  shown  in 
Fig.  VIII* 6.  As  can  be  seen,  the  course  of  this  relationship  does  not 
exhibit  any  order,  so  that  it  is  practically  impossible  to  establish 
a  dependence  between  the  intensity  of  scattered  light  and  the  parti¬ 
culate  concentration  in  a  gas. 

R,  C.  Tolman  (VIII, 2)  gave  a  simple  equation  for  the  Intensity 
of  scattered  light  valid  for  partiole  si*e  range  of  1  —  5  Jt 


J«KNd» 


(vnx,7) 
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where  K  it  &  constant  dependent  on  the  type  of  particulate  matter. 


Fig.  7111,8.  Heiationship  between  light  scatter  coefficient 
K  and  particle  re dims  for  a  light  wavelength  »  0.524. 

legend:  1*  Light  scatter  coefficient  K;  2.  Particle  radius,  r. 


It  can  be  concluded  on  the  basis  of  the  above  formulas  that: 
|l),  it  ia  impossible  to  derive  a  theoretical  relationship  between 

•  particulate  concentration  (regardless  of  particle  size)  ar.d  the  in- 

|  tensity  of  scattered  light j  2),  within  certain  particle  sice  ranges, 
i  the  intensity  of  scattered  light  depends  on  the  particle  size  and 
|  the  optical  properties  of  particulate  matter,  particularly  on  the 
,  refractive  index. 

;  It  should  be  added  that  a  spherical  particle  shape  was  assumed 

.  in  all  the  foregoing  theoretical  considerations.  If  the  particles  are 
not  spherical,  the  relationships  become  moro  complex.  Furthermore, 

;  liquid  droplets  (water  and  tars)  dispersed,  in  air  also  cause  light 
i  scattering. 

I  Dustmeters  for  use  with  industrial  desired  by  R. 

jKelrUu  (0.16)  and  M.  Dorleyn  (VIII, 4)  are  also  based  on  the  principle  { 
|  of  light  scattering.  They  differ  from,  the  3iemins  instrument  1st  that,  i 

•  the  intensity  of  light  is  not  measured  .in  its  original  axis  inclined 

|  with  reaper t  to  the  former  at  a  certain  -ngle.  j 


Ln  1955  Foifel  and  E.  Prochusha  (VIII.  10)  designed  adustmeter 
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working  on  toe  principle  of  electrification  of  particulates  at  a 
raault  of  friction.  Oust  particles  rub  against  the  walls  of  a  tube 
aade  of  soae  naterial  having  appropriate  dielectric  properties,  is 
a  raeult  of  friction,  a  charga  arises  on  the  outer  wall  of  the  tubs' 
The  charge  is  led  off  through  a  galvanometer. 


Fig.  VIII, 9 «  The  Feifel  electrostatic  dustmet^as  constructed 
in  the  laboratory*  1.  The  measuring  section  of  the  tube;  2.  Deflector^ 
3.  Galvanometer;  4*  Electric  amplification  and  recording  devices;  5. 
Particulate  patter  dispenser;  6.  Absolute  filter;  7.  Aspirator  fan. 

»  A  schematic  diagram  of  the  Feifel drstmetir  as  constructed  in 

the  laboratory  is  shown  in  Fig.  7111,9.  The  duet  is  fed  from  a  dia- 
paaser  (1).  Dust  laden  air  passes  through  deflectors  (4)  which  ensure 
that  the  particles  cc&©  into  contact  with  toe  walls  of  the  excitation 
tube.  Next,  the  duet  Uden  air  passes  through  an  absolute  filter  (6) 
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fixed  in  the  housing*  end  i«  pumped  out  though  a  pipe.  The  flow  of 
air  is  accomplished  by  means  of  a  fan  (?)• 

The  electric  charge  arising  on  the  walls  of  the  tube  can  be 
grounded  either  through  a  galvanometer  (11)*  or  through  a  recording 
electric  compensator.  Independently  of  the  above*  the  design  provides 
for  alarm  (13)  and  control  (14)  devices.  The  individual  devioaa  ear. 
be  switched  on  using  switches  (15)  by  way  of  resistors  (16). 

The  duet  dispenser  makes  it  possible  to  vary  the  concentration 
of  particulate  matter  between  10  and  50  &fa3*  and  the  air  flew  rata 
can  be  varied  between  0  and  10  litree/eeo.  In  the  latter  oaee  the 
fleer  pressure*  as  measured  by  a  nanometer,  la  around  600  or.  HjO. 

Peifel's  studies  have  shown  that  if  all  tha  particles  flowing 
through  the  tube  come  into  contact  with  its  walls*  the  resultant 
olectric  charge  is  proportional  to  tha  concentration  of  particulate 
matter.  Unfortunately*  this  charge  is  also  a  function  of  pressure 
and  gas  flow  rate  and,  probably*  of  tha  dielectric  properties  of  the 
dust*  the  partlole  else*  end  liquid  droplet  impurities. 

In  order  to  pertly  overcome  those  shortcomings*  Feifel  proposed 
the  use  in  industrial  sampling  devices  of  an  absolute  filter*  for 
instance  one  made  of  glass  wool*  located  beyond  the  excitation  tube 
(Fig.  VIII, 10),  or  a  twin  probe  (Pig.  VIII, 11)  for  the  simultaneous 
j  aspiration  of  gas  into  the  electrostatic  sampler  and  the  filter.  Of 
course*  whan  this  ie  the  case,  it  is  necessary  tc<  change  or  clean  the 
filter  at  least  once  every  24  hours,  and  to  weigh  the  particulate 
matter  trapped  on  it. 


Fig*  VIII, 11.  Twin  probe.  1.  Aspiration  into  the  electroetatle 
sanplarj  2.  Aepiration  Into  the  filter. 

• 

An  automatic  duet  sampler  designed  by  Feifel  and  Prochaeka, 
and  now  manufactured  by  I.  C«  Eohardt  A.  G.  of  Stuttgart  under  the 
name  of  Konitest  makes  it  possible  to  determine  particulate  concen¬ 
trations  between  0  and  0.1  g/m3,  and  between  0  and  10  s/m3.  The  head 
and  amplifier  of  this  instrument  ere  shown  in  Fig.  VIII, 12. 

It  seems  that  this  instrument  can  give  a  relatively  accurate 
Indication  of  the  fluctuation  in  particulate  emission  velues  when 
used  in  conjunction  with  a  source  emitting  particulates  of  relatively 
constant  characteristics,  and  following  the  calibration  with  respect 
to  that  source.  However,  a  shortcoming  of  the  instrument  is  the  sbsenc 
of  an  automatic  device  for  aspiration  and  recording  of  the  amount  of 
duat  laden  ft\s  sampled. 
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A  relatively  high  degree  of  automation  in  measuring  particulate 
|  concentrations  in  the  gas  stream  la  assured  by  the  design  developed 
byf.  Oast  (VIII* 5 )#  (VHI,6),  (VIII. 7). 

Automatic  .devisee  for  sample  aspiration  while  preserving  iso¬ 
kinetic  conditions  are  shewn  echenatically  in  Fig*  VI  11,13.  Tubes  (1) 
for  the  measurement  of  static  pressures  are  placed  both  in  the  conduit 
through  whioh  the  gas  stream  flows,  and  in  the  probe.  Tubas  (1)  connect 
with  regulator  (2)  controlling  a  servomotor  (3)  which  determines  the 
setting  of  the  valve  (4)*  Gas  la  sucked  in  with  the  aid  of  a  constant- 
rate  fan.  The  amount  of  aspirated  gaa,  as  well  as  the  gas  flow  rats 
in  the  probe  depend  on  the  amount  of  air  suoked  in  by  the  by-pase 
tube  in  which  the  valve  (4)  is  located. 


Fig.  VHI,13»  Automated  aspiration  of  dust-laden  gas.  1.  Tubes 
for  measuring  etatic  pressure;  2.  regulator;  3»  Servomotor;  4*  Valve; 
5.  Fan;  6.  Venturi;  7.  Conduit;  8.  Device  for  precipitation  cf  partic¬ 
ulate  natter;  9*  Blower. 

Ih  this  system,  the  flow  rates  In  the  conduit  and  the  probe 
are  similar  at  equal  static  pressures.  Therefore,  the  principle  on 
whioh  the  instrument  is  based  is  identical  with  that  of  the  zero-type 
probes*  Zero-type  probes  are  now  receiving  strong  criticism  (7IH.14), 
not  or.  theoretical  premises,  but  because  of  the  difficulty  of  reasur-  i 
lug  accurately  the  etatic  pressures  in  the  conduit  by  means  of  large-  | 
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-diameter  probes.  It  sews  thst  the  critic  ion  levelled  at  zero-type 
probes  does  not  apply  to  the  device  described  above. 

The  following  design  solution  was  applied  in  the  syetem  shown 
in  Fig.  VIII, 13  in  order  to  enable  it  to  aspirate  isokinetic ally 
still  smaller  volumes  of  gas  staple.  The  duct  (7)  which  leads  the 
aspirated  gas  to  the  precipitating  device  (6)  is  located  in  a  venturi 
constriction  (6).  Different  flow  rates  prevail  in  that  cross-seotion 
of  the  venturi  in  which  the  gae  la  aspirated,  depending  an  the  eurfaoe 
area  of  the  oroes-section.  The  rate  at  which  gae  is  aspirated  into 
the  duct  (7)  is  constant  due  to  the  fact  that  the  blower  (9)  hae  a 
constant  output.  Equalization  of  rates  is  attained  by  an  appropriate 
positioning  of  the  venturi  in  relation  to  the  inlet  of  duct  (7;. 
Changes  in  the  position  of  the  venturi  are  dependent  on  the  settings 
of  the  valve  (4). 

A  diagram  of  the  Qast  sampler  (Sartorlus  Werle  A.  G.  Cottlngen) 
for  u&a  in  measurement  of  particulate  matter  concentrations  In  air 
is  shown  in  Fig.  VIII,14«  The  blower  (1)  causes  the  aspiration  of 
dust-laden  gae  into  the  chamber  (2).  The  blower  hae  a  constant 
number  of  revolutions,  and  is  swltchsd  on  intermittently.  2h  this  way, 
equal  volumes  of  gas  are  aspirated,  the  actual  volume  being  dependent 
the  particulate  matter  concentration  in  the  sampled  medium. 


|  Fig.  VIII, 14*  The  Ga«t  sampler  for  measuring  particulate 

|  matter  concentrations  in  air.  1.  Blower;  2.  Chamber;  3*  Negative  elec- 
j  trode;  4*  Diaphragm;  5.  Collecting  plate;  6.  Arm  of  recorder;  7. 
i  Recording  tape;  8.  Plate  with  brush;  9*  Auxiliary  blower;  10.  Paper 
!  filter. 


Bust  precipitation  occurs  as  a  result  of  toe  ionizing  action 
of  the  negative  electrode  (3)  whose  potential  differenoe  is  10,000 
volte.  Dust  particles  are  depopited  on  the  collecting  plate  (5)  which 
constitutes  toe  positive  electrode.  The  time  of  ooaree  particulates 
settling  on  the  collecting  plate  is  JO  seconds,  while  that  of  fine 
particulates  is  2 50  seconds.  Following  the  precipitation,  the  collec¬ 
ting  plate,  which  is  attached  to  an  automatic  electric  balance,  is 
weighed.  The  balance  readings  are  recorded  by  the  recording  oen  (6) 
on  revolving  tape  (7). 

Following  the  determination,  the  collecting  plate  ie  swept 
clean  by  means  of  a  travelling  plate  to  which  a  brush  is  attached. 

The  sweepings  are  sucked  up  by  the  auxiliary  blower  (9)  and  settle 
on  the  filter  paper  (10),  After  the  collecting  plate  is  cleaned,  its 
sero  point  is  checked  by  another  weighing  operation,  and  the  next 
measurement  can  be  proceeded  with. 

The  balance  operates  on  th6  principle  of  automatic  compensation, 
A  stall  revolving  coil  is  suspended  on  two  fine  wires.  A  beam  of 
thin  glass  or  quarts  is  fastened  to  the  coil.  A  counter-weight  ie 
attached  to  one  end  of  the  beam,  while  the  other  end  supports  the 
collecting  plate,  a  pair  of  compensating  Helmholtz  colls  generates  a 
constant  magnetic  field.  Dust  settling  on  the  collecting  plate  causes 
the  coil  to  rotate  by  a  given  ansle.  The  return  of  the  rotating  coil 
to  its  original  position  occurs  as  h  result  of  the  flow  of  current 
!  in  the  compensating  coil.  The  current  intensity  is  proportional  to 
{’  toe  angle  subtended  by  the  revolving  coil  and,  therefore,  proportion- 
I  al  to  toe  weight  on  the  collecting  plate.  The  flew-  of  current  through 
|  the  compensating  coils  is  automatically  regulated  by  an  oscilloscope  i 
I  connected  to  an  amplifier  system.  The  balance  readings  are  recorded 
!  by  an  automatic  electric  recorder. 

I  The  Gast  electrostatic  sampler  enables  determinations  to  be 

carried  out  of  dust  concentrations  ranging  from  0  to  1,000  mg/toaS. 
j  The  time  cf  particulate  concentration  determination  in  too  range  of 
j  up  to^  200  mg/Hax  ie  six  minutes,  while  concentrations  up  to  1,000 
!  ng/Nm3  ^re  determined  in  t  5  minutes.  The  balance  reads  in  mg/Nto-* 
with  an  accuracy  to  0.1  mg/i ta3.  Two  points  are  determined  fer  each 
reading:  the  zero  point,  and  the  point  corresponding  to  toe  weight 
of  particulate  matter  on  the  balar.co.  The  auction  pump  a'  pirates  air 
at  the  rate  of  between  1  and  5  dcja?/rdn,  and  its  run  durations  can 

!  be  sot  at  between  one  and  ten  minutes.  T 

i 

The  precipitation  chamber  has  been  somewhat  modified  in  the 
instrument  for  particulate  concentration  determination  in  hot  gases 
(Fig.  VIII, 15).  In  order  to  avoid  condensation  of  vapors  contained 
in  the  gas,  the  whole  chamber  is  heated  electrically  by  a  heating 
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coil  (1).  ‘>,6  shape  of  tbs  emitting  electrode  (2)  has  also  been  alterec  . 
The  chamber  housing  (3)  is  marie  of  metal,  while  the  chamber  itaelf 
is  constructed  of  heat-resistant  plastic  (teflon) »  The  collecting 
Plata  •‘rtiich  also  constitutes  the  balance  pan  is  introduced  into  the 
chaff.be r  through  a  slit*  The  plete  is  f&etened  vdth  the  aid  of  en 
electresnafjriot.  although  the  Oast  electrostatic  sampler  ie  one  of  the 
best  designs  available,  it  suffere  from  two  shortcomings:  a  vary  high 
coat  of  construction,  and  the  afot  that  only  very  small  gas  samples 
are  aspirated  by  the  present  models.  I 


|  Fig.  7111,15.  The  chamber  of  the  Ons t  electrostatic  sampler 

|  for  industrial  gases 

i 

L,  Measurement  of  gaseous  pollutant  emissions 

kotsur ament  of  pollutants  emitted  with  flue  gases  extends 
j  essentially  only  to  the  following  gases:  CO CC*  SCp,  30?,  and  H2S. 

i  Deteraln&tion  of  the  C02  content  in  flue  gases  is  taken  care 

I  of  ir.  ell  power  generating  stations  vdth in  the  framework  of  combust¬ 
ion  control.  In  the  case  of  periodic  measurements,  the  popular  Orstat 
analyser  is  used.  The  result  gives  the  content  of  CO  and  OO2  in  volume 
percent.  | 

Knowing  the  basic  chemical  composition  of  the  fuel,  it  is 
|  possible  to  calculate  the  CO  content  In  flue  gas  vdth  adequate  accura- 
;  ’ey.  The  graphical  methods,  and  especially  the  Oatwald  graph,  are 
'  exceptionally  convenient.  Vfoen  variations  in  the  chemical  composition 
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*r«  small,  the  CO  content  can  be  calculated  in  this  manner  with  an 
acouracy  to  0.5 %»  A  similar  order  of  accuracy  is  obtained  with  the 
Oretat  apparatus  employing  exhaustive  combustion. 

Aj  a  rule,  automatic  flue  gas  analysers,  such  as  the  Dupl«»- 
Kono,  rtenarex  or  Siemens,  are  installed  in  the  larger  power  generating 
stations  /See  note/.  These  serve  to  determine  the  CO2  content,  and 
in  some  casee,  the  content  of  CO  ♦  H^. 

(/Sfotet?  See  PoradnJJk  Technic zny  kechunik  (Keehanic’s  Technical 
Guide)  1/3).  - 


Fig.  V 111,16.  A  schematic  diagram  of  the  Jlrager  00  analyzer. 

1.  Inlet  valve ;  2.  Filter;  Rotameter;  4.  Catalytic  combustion 
ch ember;  5,  Water  bath ;  6.  Outlet  valve;  ?.  ITiermometer;  8.  Condenser 

The  accuracy  of  00  determination  by  the  above  mot  hods  is  ade¬ 
quate  for  the  control  of  combustion  processes,  and  is  .jenerally 
sufficient  .for  the  determination  of  00  omission.  In  tart  3  culpa-  casas, 
use  is  marie  of  automatic  analyzers  characterized  by  &  greater  accurac 
ouch  as  the  Drager  analyzer  shown  in  Pig.  VII 1, 16 


f 
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Deteraination  of  the  CO  content  in  flue  gases  with  tins  aid 
of  the  Drager  istrument  is  based  on.  the  amount  of  heat,  evolved  in 


the  catalytic  combustion  of  CO*  The  instrument  functions  *8  follows j 
j  The  gas  to  be  analysed  enters  the  instrument  through  &  valve  (1), 

;  passe*  through  a  filter  (2)  on  which  the  compounds  of  chlorine  and 
eulfur  are  retained,  end  than  is  led  through  the  rotameter  p)  into 
the  combustion  chamber  (A)  which  is  packed  with  a  catalyst  (most  fre¬ 
quently  the  so-called  Hopkalite)*  As  a  result  of  passing  the  gas 
through  a  coil  immersed  in  a  water  bath,  the  gas  enters  the  combustion 
chamber  at  the  constant  temperature  of  1QC°C*  The  CO  Is  bumsd  cata- 
lytically,  and  COg  is  led  out  of  the  instrument  through  valve  (2)» 

The  amount  of  CO  contained  in  the  sample  is  detemined  by  the 
amount  of  heat  evolved  in  catalytic  combustion,  which  ia  manifested 
in  an  increase  in  the  chamber  temperature*  Thie  temperature  can  be 
measured  vdth  a  themcmeter  (7)  or  a  system  of  thermo-couples,  and 
the  scale  can  be  direotly  calibrated  in  terms  of  the  percentage  of  CO. 

3h  technology,  Co  measurements  are  carried  over  the  range 
0  —  0.5#  or  0  —  1#,  or  0  —  0*3#  in  exceptional  casea.  The  smallest 
amount  of  CO  capable  of  detection  by  this  method  is  10  ppm.  The 
hydrogen  present  in  the  sample  does  not  affect  the  result  if  its 
concentration  does  not  exceed  0*3#* 

i 

Between  75  end  00#  of  the  sulfur  present  in  fuels  is  burned 
to  SOj  and  SC3,  and  is  emitted  into  the  atmosphere  together  with  flua 
gases.  Certain  amounts  of  HjS  can  also  be  formed  in  the  process  of 
combustion.  As  a  rule,  the  SO*  and  Hj$  content  in  flue  gas  does  not 
exceed  1#  of  the  SOg  content.  Therefore,  the  SO2  emission  can  be 
accurately  determined  on  the  basis  of  the  chemical  analysis  of  the 
fuel. 

In  particular  cases,  or  in  order  to  carry  out  control  lueasure- 
ment-s,  a  number  of  chemical  analytical  methods  can  be  used  to  deter¬ 
mine  the  30o  content  in  flue  gases*  The  W.  Kadrcacher  and  K*  Hadicke 
method  will  be  described  by  way  of  an  example. 

Ihe  basis  of  determination  is  as  follow*.  The  gas  sample  ia 
passed  through  an  00#  solution  of  isopropyl  alchohol,  which  absorbs 
5Cg  and  small  amounts  of  SOg.  The  next  two  wash-bottles  filled  with 
a  15#  solution  of  hydrogen  peroxide  absorb  S02*  The  amount  of  30^ 
ie  determined  graviaetrlcally  after  preoipitation  with  barium  chloride. 
The  amount  of  SOc  oan  also  bs  detemined  gravimetrically  in  the  wash- 
bottles  filled  with  hydrogen  peroxide  or*  the  basis  of  the  amount  of 
sulfuric  acid  produced. 

Apparatus  for  determining  the  SO3  and  302  content  in  gases 
ia  shown  in  Pig.  VIII, 1?.  The  gas  sample  for  analysis  ie  taksn  from 
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th«  wash-bottle  (Fig.  VIII,18).  The  Inlet  tube  Is  heated  to  a  temper*- 
ture  of  160  —  160°  vdth  the  aid  of  coil  (3)  in  order  to  prevent  the 
condensation  of  water  vapor  or  poSsibly  of  the  formed  sulfuric  acid 
on  the  vessel  walls*  A  thermoelement  (4)  serves  to  control  the  inlet 
tube  temperature,  The  glass  wool  filter  (5)  prevents  solid  impurities 
from  enuring  the  wash-bottles.  Wash-bottle  (1)  is  cooled  by  means 
of  water  jacket  (6).  Before  the  determination  is  oarried  out,  it  is 
necessary  to  raise  the  temperature  of  the  inlet  tube  to  160  —  130°, 
and  to  regulate  the  water  pump  to  the  required  suction  rate*  The  ament 
of  gas  is  paaesd  through  the  wash-bottles,  the  inlet  tube  ehould  be 
disconnected,  end  air  should  be  psssed  through  the  apparatus  for 
about  30  minutes  (at  the  rate  of  ebout  1*5  litere/minute).  This  is 
in  order  to  carry  the  SO2  dissolved  in  wash-bottle  (1)  to  wash-bottles 
“J  (10;  containing  hydrogen  peroxide*  At  the  end  of  air  aspire^ 
tion  the  apparatus  is  disconnected,  the  contents  of  the  wash-bottles 
poured  into  beekers  and  evaporated  to  a  volume  of  40  co,  and  the 
absorbed  SO?  precipitated  by  the  addition  of  a  solution  of  barixsa 
chloride.  The  resultant  precipitate  is  then  filtered  off  and  calcined. 
The  BaSO^  is  weighed  and  re-caloulaUd  to  S02* 

The  contents  of  wash-bottle  (1)  are  also  transferred  into  a 
beaker,  evaporated  to  a  volume  of  40  co,  0.3  ml  of  0.1  N  solution  of 
H0SO4  are  added,  and  the  SO*  ions  are  precipitated  by  the  addition 
|  of  BaClg.  The  amount  of  BaSty  due  to  the  solution  of  K2SC k  added 
Should  be  subtracted  from  the  total  weight  of  precipitate,  and  the 
difference  le  then  re-calculated  to  30q. 
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Chapter  EC 

Sstlmatlon  of  Dustfall 


1.  Ihtrod^^*^^  rg§£i£l  | 

As  is  known,  one  of  the  indicators  of  particulate  matter  conoear 
tration  in  air  is  dustfall  over  unit  surface  area  in  unit  time,  ex¬ 
pressed  in  g/m2/day,  kg/tt2/mcnth,  and  ton/m3/year* 

Sometimes  the  value  of  dustfall  is  taker  to  be  an  index  of  the 
concentration  in  air  of  the  mechanically  disintegrated  particulate 
matter  only*  This  ia  justifiable  Insofar  as  colloidal  partioulatee 
may  remain  suspended  in  air  over  Ion;?;  periods  of  time  without  settling 
on  the  surface  of  the  earth*  Cn  the  other  huid,  even  the  smallest 
particles  are  deposited  on  the  surface  of  the  earth  as  a  result  of 
the  vertical  movement  of  air  masses,  condensation  of  vapors  an  parti¬ 
cles  of  all  sizes,  and  precipitation*  Therefore  a  division  into  parti¬ 
oulatee  which  do  or  do  not  settle  on  the  surface  of  the  earth  is  not 
possible,  especially  since  the  value  of  dustfall  depends  on  the 
method  of  measurement  used* 

The  harafulnesa  of  particulate  matter  can  be  determined  by 
additionally  carrying  out  chemical  or  mineral ogioal  analyses* 

In  order  to  determine  the  range  of  distribution  of  the  parti¬ 
culate  matter  emitted  from  a  given  source,  or  to  settle  legal  ques¬ 
tions  arising  from  litigation  about  damage  caused  by  grit  pollution, 
it  is  desirable  to  determine  the  source  of  origin  of  particulate 
matter  at  a  given  monitoring  point. 

The  instruments  currently  in  use  for  determining  dustfall 
values  can  be  divided  into  the , following  three  groups* 

1*  Dustfall  meters  (dust  cane); 

2.  Collecting  plates; 

5*  Directional  dustnetere, 

Each  of  these  groups  has  its  own  range  of  applications,  and 
the  results  obtained  are  not  generally  comparable.  Therefore,  as  in 
the  case  of  all  determinations  of  pollutant  concentrations,  the  1  ' 
results  should  be  accompanied  by  a  detailed  identification  of  the  • 
measuring  instrument. 
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2,  Dustfall  meters 


Dust  cans  were  first  used  in  iln  gland  in  1912.  Nov  they  are  amon 
the  moat  widely  known  and  used  instruments  for  the  estimation  of 
dustfall. 

A  classical  design  of  a  dust  can  is  shown  in  Fig.  IX, 1.  It 
consists  of  a  gla38  funnel  (2)  whose  stem  ia  connected  by  rubber  tub¬ 
ing  with  a  bottle  (3),  usually  10  liter  capacity.  It  is  mounted  on  a 
stand  (5)  and  enclosed  by  wire  netting  (1). 


Fig.  K,l.  A  dust  can. 

1.  Protective  wire  netting; 

2.  Glass  funnel;  3*  Kubbor 
tubing;  4.  Bottle;  5.  riband. 


Fig.  IX, 2.  A  dust  can  mounted 
on  a  stand 


I  Particulate  matter  settling  in  the  funnel  is  washed  by  rein 

into  ■fiio  bottle  whose  contents  arc  subsequently  subjected  to  a  de¬ 
tailed  physical  and  chemical  analysis.  The  sampling  pei*iad  ie  usually 
one  month.  A  new  bottle  is  inst&llod  on  the  first  day  of  tbs  rue-nth, 
and  t Alten  off  on  the  next  month,  when  &  fresh  bottle  is  again  inetal* 
led.  j 


Duat  cans  are  usually  placed  on  roofs  of  buildings.  A  rooftop 
of  the  highest  building  which  is  not  partly  sheltered  by  the  wall  of 
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mother  building  should  be  selected*  If  the  stapling  Is  done  in  tn 
open  specs  free  of  buildings,  the  instrument  should  be  pieced  an  s 
stand  bet  wen  three  and  five  asters  above  ground  level  (Fig.  DC, 2). 
Thus  the  oolleotion  of  secondary  dust  blown  off  the  surface  of  the 
earth  is  prevented. 

There  are  a  number  of  modifications  of  this  instrument,  con¬ 
sisting  chiefly  in  different  dimensions  and  shape  of  the  funnel*  Bri¬ 
tish  Standard  glass  funnel  (0*15)  is  shown  in  Fig.  DC,3.  In  addition 
to  the  latter,  International  Joint  Commission  (Fig.  IX, 4)  and  Toronto 
Study  (Fig*  IX, 5)  types  are  used  in  the  United  States  (IX. 5)* 

Funnels  used  in  the  English-speaking  countries  are  calibrated 
in  inches,  which  presents  difficulties  in  re-calculating  dustfall 
figures  into  the  metric  equivalents.  For  this  reason,  the  funnels 
used  in  Europe  are  mainly  305  ns  or  252  mm,  in  diameter.  The  use  of 
252  mm  diameter  funnels  is  particularly  convenient,  since  it  corres¬ 
ponds  to  a  surface  area  of  the  opening  of  0.05  m2. 

The  construction  of  the  Lie 8 egang-Lobsie r  dust  oan  is  shown  In 
Fig*  IX, 6.  Both  the  funnel  and  the  bottle  are  made  of  transparent 
plastic  (s.g.,  of  polymethyl  methacrylate),  and  housed  in  a  structure 
also  made  of  plastic,  which  has  a  door  for  manipulating  the  bottle. 

There  are  a  number  of  shape  varieties  of  the  305  m  diameter 
funnel.  These  are  shown  in  Fig.  IX, 7  (EC. 9).  The  design  shown  in  the 
bottom  right  comer  seems  to  have  the  advantage  that  the  upward  nar¬ 
rowing  of  the  funnel  perifery  partly  prevents  the  blowing  out  of  the 
collected  dust.  The  252  m  diameter  Hibernia- type  funnels  come  in  a 
similar  variety  of  shapes, as  illustrated  in  Fig.  IX, 8  (EC.12). 

In  view  of  the  high  cost  of  dust  can  funnels,  use  is  occasion¬ 
ally  mads  of  the  Week-type  glass  funnels  for  scouting  determinations 
of  dustfall.  Precisely  this  type  of  funnel  is  most  frequently  used  in 
Poland.  Ei  the  large-scale. investigation  carried  out  between  1950 
and  1956  in  the  Bochum  district  involving  1,700  monitoring  points, 
the  Week-funnels  placed  in  a  wire  cage  wore  also  used  (Fig.  32,9) 

(IX. 6). 

Hie  use  of  dust  cans  is  essentially  restricted  to  the  seasons 
of  the  year  when  the  temperature  does  not  fall  below  0°C.  Furthermore, 
the  error  of  measurement  increases  during  periods  devoid  of  precipi¬ 
tation  as  a  result  of  the  settled  dust  being  blown  out  of  the  funnel. 

'  Therefore,  it  is  advisable  to  sprinkle  the  funnel  with  distilled 
|  water  aveiy  third  rainless  day  wherever  possible. 
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open  at  the  top;  2#  Door* 
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that  th«  differences  are  considerable.  It  fellows  from  the  studies 
of  A*  P.  Fisher  (LC.5)  that  whereas  the  results  obtained  from  two 
identical  funnels  placed  side  by  side  do  not  exceed  discrep¬ 

ancies  in  the  results  obtained  using  the  funnels  shown  in  Pig.  IX, 5 
alongside  those  in  Pig.  IX, 6  amount  to  between  60  and  2205* 

Similar  concilia  ions  were  reached  by  A.  Labner,  '4io  compared 
the  results  obtained  using  the  funnels  shown  in  Pig.  IX,?.  In  long- 
range  samplings  (from  four  to  26  months)  the  following  average  ratios 
of  readings  wore  obtained!  I/I  ■  1.2,  ll/l  *  1.33,  II/l  m  1.66, 
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Similar  discrepancies  between  the  readings  obtained  using  tha 
various  types  of  Inst  run  ent  point  to  ths  necessity  of  standardising 
the  shape  of  dustfall  aetsr  furmels  an  the  international  scale*  At 
ths  present  state  of  affairs,  it  is  difficult  to  obtain  comparable 
results* 


Independently  of  the  universal  application  of  dust  cans, 
attempts  are  made  at  developing  rapid  methods  of  measuring  the  amount 
of  dustfall* 

ft.  ft*  Paxton  (H.ll)  introduced  the  use  of  glass  pistes 
measuring  250  x  125  cm  for  determining  dustfall*  After  a  thorough 
cleaning,  the  plates  are  coated  with  hot  petroleum  jelly  (about  1  g 
per  plate)  and  plaoed  nigh  above  ground  level  (a  practice  analogous 
with  that  followed  in  the  case  of  dust  e*ns).  The  average  exposure 
time  is  10  days.  After  removing  trapped  inseets  and  bird  droppings, 
plates  are  washed  in  carbon  tetrachloride*  The  suspension  is  filtered 
through  a  filter  paper  Which  ie  subsequently  dried  and  weighed*  The 
proportion  of  oombuttlble,.  particulates  can  be  determined  by  incinera¬ 
ting  the  filter  paper*  Non-combustible  particulates  can  be  tested  by 
other  methods*  The.  advantage  of  thees  plates  resides  in  the  feot  that 
the  duet  settles  on  them  in  an  unaltered  form,  while  the  disadvantage 
la  that  they  cannot  be  used  on  rainy  days* 

A  similar  method  for  using  collection  plates  was  developed 
by  K*  Dima  (XI.l),  Instead  of  glass  plates,  he  used  aluminum  foil 
0*07  mm  thick  and  measuring  50  x  64  am.  The  working  surface  of  the 
foil  is  39  x  84  am,  giving  a  surface  area  of  0.33  dcm2.  The  foil  is 
plaoed  in  a  holder  shown  in  Fig*  2X,10a,  and  protected  from  the  birds 
by  a  wire  guard  (Fig*  2X,10b). 

The  foil  ie  covered  with  petroleum  jelly  (about  50  mg  per  foil) 
spread  uniformly  over  the  surface  with  a  finger,  and  than  heated  to 
obtain  a  layer  of  uniform  thickness*  All  the  subsequent  manipulation 
of  the  foil  is  dons  with  the  aid  of  pincers* 

The  ooeted  foil  is  weighed  with  an  accuracy  to  0*1  mg*  The 
value  of  dustfall  is  determined  by  noting  the  inoreaae  in  vsiyfct  due 
to  dust  deposition*  As  a  rule,  exposures  at  ths  monitoring  pc:  At 
last  seven  days*  This  period  ought  to  be  shortened  if  the  weight  to* 
crease  is  more  than  30  mg*  The  layer  of  petroleum  jelly  does  not  pro¬ 
vide  e  sufficient  degree  of  adhesiveness  for  greater  amounts  of  parti- 
oulate  matter* 
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Fig.  TX,  10.  Foil  holder  and  wire  guard 

Table  IX, 1. 

ftsealta  of  dustfall  measurements  at  various  elevations  above 

ground  level 

Wy»oko46  :  ,  «  i  »  i  *  :  «  !  «  ! 


Legend?  ,l»  Elevation;  2.  IXistfall. 

btap.de  bearing  ths  foil  arc  usually  set  up  or?  tope  of  build¬ 
ings.  Stands  set  up  in  open  spaces  should  be  1.20  meters  high.  K* 

Diem  recces.,  ends  tho  setting  of  between  two  *r«d  seven  steads  par  square 
kilometer.  Comparative  measurements  have  shown  that  no  perceptible 
difference's  in  results  are  obtained  at  elevations  of  up  to  2..  "■  rcetere. 
At  higher  elevations  of  foil  exposure,  the  results  can  differ  signi¬ 
ficantly.  Table  IX,  1  shows  the  results  of  corporative  measurements 
lasting  4o  days. 

Moderate  rainfall  does  not  prevent  dustfall  reeaeuresaente 
using  the  foil  roethod.  In  this  c*?e,  the  foil  should  be  dried  at 
40°C  prior  to  weighing.  Violent  rains  or  hailstorms  cause  definite 
damage  to  the  layer  of  petrol.-.. un  jelly.  Similar  damage  and  a  lo3»  of 
weight  can  occur  during  periods  of  strong  insolation. 

The  great  advantage  of  the  foil  method  lies  in  the  possibility 
of  carrying  out  large  numbers  of  measurements  in  a  relatively  short 
period  of  tires,  permitting  the  characteriv.ation  of  dust,  pollution 
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of  a  given  region.  Being  rather  troublesome,  this  method  is  not  so 
suitable  for  determining  average  dust  concentrations  over  long  periods 
of  time. 

4.  Directional  dustfall  asters 

Directional  dustfall  meters  are  used  for  rapid  and  short 
measurements  lasting  from  a  few  minutes  tc  one  day.  The  main  aim  of 
the  measurements  done  using  these  instruments  is  to  determine  the 
source  of  origin  of  particulate  matter  at  a  given  monitoring  point, 
or  to  define  the  range  of  pollution  by  emissions  from  a  given  source. 

Among  the  best  known  instruments  of  this  type  is  the  due tf all 
meter  developed  by  I*  liesegang  (IX. 10)  shown  in  Pig.  EC,  11.  The 
dust  settles  on  glass  platen  (1)  and  (2)  coated  with  petroleum  Jelly. 
Plate  (2)  is  always  set  against  the  direction  of  wind  due  to  a  rota¬ 
tional  setting  of  the  plates  and  the  use  of  a  direction  vane  (3). 

The  device  secures  a  simultaneous  measurement  of  air  temperature  and 
humidity  by  means  of  a  thermometer  and  hygrometer  (4)  and  wind  velo¬ 
city  with  an  anemometer  (5).  A  wind  compass  is  engraved  on  the  basa, 
which  permits  determination  of  the  wind  direction.  Tho  sampling  lasts 
from  a  few  to  several  tans  of  minutes.  Dustfall,  expressed  in  particle 
count,  a3  well  as  the  origin  of  particulate  matter,  are  determined  by 
microscopic  observation  of  the  plates. 

Fig.  IX, 12  shows  s  similar  type  of  du at fall  meter  designed 
j  by  h.  Kroner  (IX. 7).  A  shaft  (1)  support?  a  circular  plate  (2) 

|  feetened  by  a  wedge  (3)  with  a  slot  for  collecting  foil  (4)  held  in 
j  place  by  springs  (5).  Small  scoops  ruy  be  used  instead  of  foil  to 
j  collect  larger  amounts  of  particulate  matter.  Above  the  permanent 
j  plate  which  supports  the  collecting  foil,  a  plate  (6)  is  placed  in 
a  bearing  (7).  This  plate  has  a  3lct  for  accomodating  large  collecting 
foile.  Thanks  to  &  direction  vane  (8)  and  counter-weight  (9)  attached 
to  this  plate,  it  always  positions  in  e.  given  way  with  respect  to 
the  direction  of  the  wind. 

Thus  the  above  instrument  makes  it  possible  to  determine  the 
relationship  between  dustfsll  raid  wind  direction. 

A  design  intermediate  between  directional  dustfall  meter 
aid  awe  gages  for  determining  particulate  concentrations  is  exempli¬ 
fied  by  the  instnaiient  shewn  in  Fig.  IX,  13  (EC. 7).  The  instrument  is 
pieced  or.  hearings  on  a  stand  (l)  so  that  the  direction  vane  (4)  ’ 

always  places  the  inlet  of  the  sampling  cyclone  (2;  in  a  direction  ! 
perpendicular  to  that  of  the  wind,  flic  aspiration  of  polluted  air 
into  the  cyclone  is  accomplished  by  means  of  an  air  vacuum  pump  (3).  j 
Particulate  matter  precipitated  in  the  cyclone  is  collected  in  a  J 


Fig*  IX,  11.  L i^segang  directional  dustfall  neter 


container  (5)* 

This  design  does  not  permit  the  measurement  of  particulate 
matter  concentration  in  mg/m?  since  the  volume  of  aspirated  air  ie 
not  measured*  Thanks  to  the  fact  that  this  instrument  can  collect 
large  amounts  of  particulate  matter,  it  is  possible  to  characterize 
accurately  the  composition  of  the  latter,  as  well  as  the  dependence 
of  its  concentration  on  the  direction  of  the  wind  at  the  uonitoring 
point* 
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Pig.  n,12.  The  Kroner  directional  diyitfall  gage.  1.  Shaft; 
2.  Plate  with  slots;  3.  Wedge;  4*  Foil;  5.  Holding  springs;  6. 
Bearing;  7.  Cover  plate;  $.  Direction  vane;  9.  Counter-weight. 
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Fig.  3X, 13.  Directional  smoke  gage  (US  patent  No  2336282). 

1,  Stand;  2.  Sampling  cyclone;  3.  Air  vacuum  pump;  4.  Direction  vane; 

5«  Duet  container. 

5,  a  comparison  of  the  various  methods  of  dustfall  measurement 

Because  of  its  specific  characteristics,  each  of  the  du3tfall 
gages  described  above  has  its  range  of  applications.  For  this  reason, 
efforts  have  been  made  to  establish  a  relationship  between  dustfall 
readings  obtained  with  different  instruments.  3.  Sffer.berger  (Et.3), 
(EC. 4)  carried  out  a  large- number  of  comparative  msasuroments  using  thr 
Lobner,  Diem  and  Sffenberger  instruments  (the  latter  is  described  in 
Chapter  X). 

The  first  series  of  measurements  (IX. 4),  lasting  one  year, 
was  done  using  15  sampling  foils  spaced  symmetrically  on  a  rooftop 
measuring  5  x  60  meters.  The  following  conclusions  were  drawn  on 
the  basis  of  an  analysis  of  the  results! 

1.  Correlation  between  results  obtained  from  tingle  sampling 
foils  and  an  average  value  based  on  the  results  from  15  fells  is  not 
statistically  assured; 


2.  In  order  to  aesure  statistically  verifiable  correlation 
at  each  sampling  point,  simultaneous  measurements  using  at  least 
five  Sampling  foils  should  be  parried  out* 

3*  The  differences  in  readings  of  the  individual  foils  are 
smaller  than  the  fluctuations  in  dustfall  at  a  given  monitoring  point* 

On  the  basis  of  the  last  conclusion,  E.  Effsnberger  recommends 
the  establishment  of  a  larger  number  of  monitoring  points  in  a  given 
area  rather  than  increasing  the  number  of  sampling  foils  at  the  indi¬ 
vidual  monitoring  points* 

The  results  of  a  year-long  measurement  using  outfall  meter* 
foil,  and  Ef  fenbarger  dustaeter  showed  that  there  is  no  statistical 
correlation  between  the  readings  of  a  dustfall  gage  and  those  of  a 
sampling  foil  (Fig.  DC,  14)* 


Pig.  DC, 14.  Comparison  of  the  results  of  dustfall  measurements 
by  different  methods.  1.  The  Sffenborger  automatic  honimeterj  2. 
Sampling  plates;  3«  Lobner  dustfall  gago. 

Legend:  a.  Dustfall;  b.  l-icnth. 

It  is  possible  to  draw  the  following  general  conclusions  bn 
the  basis  of  the  study  in  question: 

Results  of  dustfall  measurements  done  by  different  methods, 
or  even  by  different  instruments  within  the  same  method  are  not 
mutually  comparable.  Until  the  methods  of  measurement  become  stan- 
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dardized,  results  of  measurements  oust  bs  accompanied  by  a  detailed 
description  of  the  method  And  equipment  used. 

6.  Determination  of  the  source  cf  origin  of  particulate  matter 

In  industrial  districts  where  there  are  many  sources  of  emiss¬ 
ions,  it  is  very  important  to  bs  able  to  determine  the  source  of 
particulate  matter,  since  only  this  can  supply  ihe  basis  for  preparing 
smoke  pollution  maps  of  a  given  district  by  the  individual  plants, 
and  for  deciding  about  the  necessity  of  improving  the  efficiency  of 
dust  arrester  equipment  or  the  possibility  of  expansion  of  a  given 
plant.  It  also  serves  to  settle  disputes  arising  out  of  damage  caused 
by  grit. 

Identification  of  source  is  facilitated  by  a  description  of 
characteristic  and  easy  to  identify  particulates  emitted  by  the  indi¬ 
vidual  plants.  For  instance,  A.  8.  Meothaa  (0.15)  states  that  grit 
from  powdered  fuel  burners  clo&rly  differs  from  that  emitted  by  fixed 
grate  fireboxes.  At  “.he  hi#i  temperatures  encountered  in  powdered  fuel 
burners,  the  mineral  components  are  fused,  forming  characteristic 
spheric vl  granules  (condensation  products)  not  encountered  in  eoieeionu 
from  grate  fireboxes. 

The  characteristic  particulates  emitted  from  iron  and  non- 
ferrous  metal  smelters  may  be  met  el  oxides  (!&.?}  which  can  be  easily* 
identified  in  microscopic  examination  by  their  characteristic  shapes 
and  color.  It  is  also  relatively  easy*  to  pick  out  p&rticsilatea 
characteristic  of  the  individual  chemical  plants.  For  instance,  soda 
ash  and  apatite  dusts  are  characteristic  of  the  production  of  euper- 
thoaasine* 

R.  Koldau  recommends  that  samples  should  be  taken  from  the 
stacks  of  the  individual  plants  and  microscopic  elides  prepared  for 
the  purpose  of  characterizing  emissions  free  the  individual  sources. 

The  results  of  such  procedure  are  shown  in  Figures  K, 15  and 
XX, 16  (after  X.  Schwartz  (IX. 12)).  The  photographs  were  taken  from 
sampling  foils.  The  first  one  shows  grit  from  a  grate  firebox,  while 
the  second  one  shows  dolomite  dust  generated  in  the  manufacture  of 
refractory  materials. 

Identification  of  the  source  of  grit  emission  by  this  method 
may  not.  always  bs  possible,  as  the  individual  sources  may  not  show 
differences  in  characteristics  sufficient  to  form  a  basis  for  identi¬ 
fication.  3h  such  cases  it  is  recommended  to  use  artificial  standard 
grits,  e.g.,  cobalt  glass,  uranium  oxide,  rock  salt,  metal  oxides. 


•to*  (0.16)* 

R.  R*  Paxton  points  out  the  fact  that  the  standardisation  or 
!  addition  of  artificial  standards  doss  not  provide  a  couplets  solution 
of  the  problem,  since  the  lead  particulatae  should  span  the  entire 
particle  size  range  encountered  in  the  emissions  from  &  given  source* 
Evidently,  the  Blatter  ia  quite  complicated  and  each  problem  require® 
individual  attention* 

i  2s.ngg.4ft.*j»,  tytfofi 

a*  Physical  teste.  2h  the  oase  of  methods  using  sampling  plates, 
the  microscopic  methods  described  above  may  be  applied* 

b«  Chsmloal  teste*  This  embraces  the  determination  of  soluble 
end  insoluble  fraotione,  combustible  components,  ash  content,  and  the 
determination  of  calcium,  chlorides,  sulfides  and;  sometimes,  of  the 
concentration  of  carbonetee,  phosphates,  sodium  ions,  etc* 

Determination  of  insoluble  fraction 

This  method  depends  on  the  separation  and  weighing  of  the 
particulate  fraction.' insoluble  in  wnter. 

Accumulated  duatfall  in  water  suspension  is  allowed  tc  atand  j 
until  the  supernatant  fx  liquid  becomes  clear.  Then  the  latter  is 
syphoned  off,  and  the  residue  is  filtered  th rough'  &  retentive  quanti¬ 
tative  filter  of  known  wel^it*  The  filtered  residue  on  the  filter  is 
placed  in  a  weighing  dish  and  dried  at  3jQ5°C.  Simultaneously  a  simi¬ 
lar  operation  is  carried  out  using  only  distilled  water  to  determine 
the  amount  of  water  absorbed  by  the  filter* 

The  insoluble  matter  content  in  milligrams  is  determined 
from  the  following  formula » 

W  a  (a  -  b  -  p) 

where  a  ia  the  weight  in  ag  of  the  weighing  dish,  filter  and  residue 
after  drying} 

b  io  the  weight  of  the  weighing  dish  plus  filter,  after  drying 
«nd  prior  to  filtration} 

p  ia  ths  correction,  in  mg,  for  water  absorption  by  the  filter* 
It  is  equal  to  the  difference  between  the  weight  of  the 
weighing  dish  plus  filter  before  and  after  saturation  with 
distilled  water  (dried  to  a  constant  weight  in  both  cases). 


Deterrdn&tion  of  soluble  patter 

The  water-soluble  components  o?  duetfall  are  determined  using 
the  filtrate  from  the  accumulated  dustf&U  and  rainwater  following  the 
determination  of  the  insoluble  content*  The  method  reduces  to  evapor¬ 
ating  a  known  volume  of  filtrate  to  drynaae  and  weighing  the  residua* 
Evaporation  is  best  carried  out  using  platinum  or  quarts  dishes  pre¬ 
viously  heated  to  constant  weight* 

Following  evaporation,  the  dish  with  residue  is  dried  at  105°C 
to  constant  weight* 

The  soluble  content  R,  in  mg,  in  duetfall  is  calculated  from 
the  formula 

1  *  1.000  V(.  a  -  b) 
v 

where  a  is  the  weight  of  the  evaporating  dish  plus  residue;.  In  mg; 

b  is  the  weight  of  empty  dish,  in  mg; 

v  is  the  volume  of  liquid  used  for  evaporation; ,  in  ml; 

V  is  the  volume  of  accumulated  precipitation,  in  liters. 

Total  duetfall 

After  the  soluble  nad  insoluble  matter  content  ie  determined, 
the  total  amount  of  duetfall  per  day  0,  in  g/m^/day  can  be  determined 
from  the  following  formula: 

o  •  i.ooo  cw  4  a) 

Pi 

where  0  ie  the  amount  of  duotfall,  in  g/m2/day; 

W  is  the  weight  of  insoluble  fraction,  in  mg; 

R  is  the  weight  of  soluble  fraction,  in  mg; 

F  is  the  surface  area  of  the  collecting  funnel; 

t  ia  duration  of  sampling,  in  days* 

Determination  of  tars 

Tara  are  determined  by  extracting  the  water- in soluble  fraction 
of  duetfall  with  carbon  disulfide  in  a  Soxhlet  extractor.  Tars  are 
dissolved  in  CSj  and  are  collected  in  the  flask  of  the  extractor* 
After  evaporating  C3-,  the  flask  is  weighed  at  105°C  to  constant 
weight*  The  tar  content  is  equal  to  the  weight  difference  of  the  fla*j 


before  and  after  extraction. 
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Ash  1«  defined  u  the  inecimbuetible  fraction  of  dustfall  re¬ 
maining  after  extraction  of  tare  and  following  calcining*  After  extr 
tion  with  OS2,  the  duetfall  residue  ia  placed  in  a  tarred  crucible 
and  calcined  until  nearly  constant  weight  is  reached* 

The  ash  content  is  equal  to  the  difference  of  weight  before 
and  after  roasting* 


This  ia  calculated  as  follows t 
X  *  (W  -  B)  -  e  mg 

where  W  is  the  weight  of  Insoluble  fraction; 
B  is  the  weight  of  tare. 


pH  meters  are  used  for  thia  purpose*  The  measurement  ia  done  j 
using  the  clear  filtrate  after  insoluble  matter  had  been  filtered  off • 
The  latter  dose  not  affect  the  Talus  of  pH*  i 

The  measurement  is  carried  out  by  jjrmerelng  the  meter  electrode 
In  the  liquid* 

In  view  of  the  fact  that  the  pH  of  the  liquid  may  change  on 
standing,  the  reading  must  be  taken  immediately  qfter  filtering  off 
the  insoluble  fraction. 

Colorimetric  indicators  are  also  frequently  used  for  determin¬ 
ing  the  pH  of  duetfall  supernatants*  These  depend  on  adding  an  indi¬ 
cator  to  the  sample,  and  comparing  the  resultant  color  with  a  standaK 
Brott  phenol  blue,  whose  range  is  5*8  -  8*0  pH,  is  most  frequently 
used.  Lower  values  <.  ?  pH  are  determined  with  methyl  red,  and  those 
above  8*0,  with  phenolphtaleln.  If  pH  fluctuations  are  large,  the 
Jamady  universal  indicator  with  a  range  of  4.0  -  10*0  is  used. 

Universal  indicator  stripa  can  also  bo  used,  but  the  values 
indicated  by  these  differ  considerably  from  the  actual. 


Chlorides  are  determined  volvanetrically  (by  the  Kohr  or 
Volhard  method).  The  moat  frequently  used  Mohr  method  depends  on 


titrating  the  chloride  solution  with  silver  nit  rate  solution  in  the 
presence  of  potassium  chromate  as  an  indicator,  './hite  silver  chloride 
is  precipitated  first,  followed  by  the  red  precipitate  of  silver 
chrcmate. 

The  chloride  cot  it  ant  X,  in  mg,  ia  calculated  as  follows: 


where  V  is  the  silver  chloride  tit re,  in  ml* 
ie  the  volume  of  sample  used; 

m  is  the  mutter  of  mg  of  silver  nitrate  per  liter  of  solution; 

n  is  the  volume  of  accumulated  precipitation. 

Determination  of  sulfur  compounds 

The  method  depends  on  the  determination  of  sulfur  in  all  the 
i  compounds  present  ir  dustf&li,  and  really  amounts  to  the  determination 
|  of  total  sulfur*  Sulfur  compounds  are  oxidized  by  bromine  water  in  an 
alkaline  solution,  barium  sulfate  is  precipitated  by  addition  of 
1  barium  chloride  in  an  acid  solution. 

i 

The  sulfate  content  X^  is  calculated  from  the  formula  I 


Xso* 


O,4ill4aiOO0n 
V  ” 


411.4un 

V 


!  where  a  is  the  weight  of  barium.  sulfate  in  sg; 
i  V  is  the  volume  of  precipitation  tested  in  ng  /sic/; 

j  0.4H4  is  tr.e  coefficient,  for  re-calculating  BaSCy  into  oO^j 
|  n  is  the  volume  of  accumulate*!  precipitation^  in  liters. 


;  Table  K.,<  shows  an  example  of  tho  results  of  month-long 

j  sampling  described  by  tho  method  of  A.  U,  Kethsun. 


i 

{ 

! 


1 


Table  IX,  2. 


Itan 

Results 

obal  volume  of!  due  ti'all 

d  rein  precipitation  pH 

2.73  dcio3 

7.1 

C 

ton/kr.vVmcnth 

Xnaclublo  matter 

C.1S73 

2.540 

Tare 

0.0043 

0.056 

A  ah 

0.109# 

1.400 

Ccmbuotible  matter 

0,0752 

0.990 

Soluble  matter 

0.0546 

1.150 

Chloride a 

0.0173 

0.023 

Sulfatee 

C.0415 

0.535 

Calcium 

0.0096 

0.013 

Cuatfall 

0.2719 

3.690 
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Li  foreign  literature,  the  apparatus  for  measuring  particulate 
concent ration*  in  air  is  referred  to  as  11  smoke"  samplers  or  gages* 

2h  view  of  the  classification  scheme  given  at  the  beginning  of  the 
present  work,  this  would  mean  that  the  measurements  concern  only 
particulate  matter  of  colloidal  origin*  However,  this  would  not  be 
etrictly  accurate,  and  a  closer  consideration  of  the  conditions  of 
sampling  is  required  to  define  the  scope  of  the  maaeurmaent  of  parti¬ 
culate  matter  concentrations  in  air* 

Colloidal  particulatee  may  remain  airborne  for  long  periods 
of  time,  and  they  are  deposited  on  the  earth's  surface  mainly  ae  a 
result  of  atmospheric  precipitation*  In  addition  to  colloidal  parti¬ 
culates,  there  are  in  the  atmosphere  also  mechanically  disintegrated 
particulates  in  sedimentation  phase* 

Ae  a  result  of  the  differences  in  settling  velocities,  there 
is  a  considerable  increase  in  the  percent  concentration  of  fine  parti¬ 
culates  in  the  air. 

A  characteristic  cf  all  the  methods  of  smoke  sampling  is  that 
the  measurement  consists  in  aspirating  a  giver,  volume  of  particulate 
laden  air  and  precipitating  the  particulate  matter.  If  the  aspiration 
of  a  sample  of  air  were  to  be  accomplished  without  changing  the 
characteristics  of  the  air-borne  particulate  matter,  the  determination 
would  embrace  both  colloidal  and  mechanical  particulates,  always  re¬ 
membering  that  as  a  result  of  the  larger  particle  size  of  mechanical 
particulates,  their  concentration  in  the  air  aspirated  into  the 
sampler  would  bo  smaller* 

However,  aspiration  of  a  two-phase  system  such  as  an  aerosol 
usually  results  in  changed  characteristics  of  the  system,  manifested 
in  a  reduced  content  of  the  coarser  particulates. 

Although  a  theoretical  definition  of  the  limiting  particle 
sizes  would  be  very  difficult,  it  can  be  stated  that  smoke  sampling 
essentially  concerns  colloidal  and  very  finely  divided  mechanical 
particulates* 


In  principle,  ell  the  sampling  devices  used  for  determining 
particulate  concentrations  in  enclosed  space  can  also  ba  used  la  open 
air*  A  general  schematic  representation  of  the  methods  sad  apparatus 
1a  present  use  is  given  in  Pig.1,1.  A  detailed  description  of  the 
individual  emoke  samplers  is  given  la  (0*13)* 

Only  acne  of  the  available  types  of  smoke  samplers  are  used 
in  view  of  the  speelfio  conditions  of  sampling  In  the  case  of  continu¬ 
ous  systematic  pollution  oontrol* 

i  Smoko  samplers  reading  in  Z/ca3  have  a  vary  limited  applica¬ 

tion,  being  used  only  In  isolated  eases  la  research* 

F articulate  pollutant  concentrations  are  most  frequently  ex¬ 
pressed  in  mg/m3  or  ng/W3.  As  In  every  problem  of  measurement,  it  is 
necessary  first  to  determine  the  range  of  the  measured  quantity  and 
the  order  of  accuracy  that  can  be  sxp acted. 

According  to  the  Soviet  norms,  maximum  concentrations  of  non- 
toxic  particulates  vary  between  0*15  and  0*  mg/m3.  Assuming  that  the 
upper  limit  can  be  exceeded  ten-fold,  and  that  the  lower  limit  can 
be  taken  as  1/10  of  the  minimum  value,  we  have  a  range  of  measurements 
between  C.C15  and  5  mg/i&3*  According  to  J.  Pelletier  (x*5)  the  mean  I 
value  with  respect  to  which  accuracy  requirements  should  be  establishes 
is  0*05  og,/n3. 

For  sufficiently  accurate  results,  the  amount  of  particulate 
matter  collected  should  be  at  least  50  mg*  Therefore,  In  view  of  the 
expected  range  of  measurements,  the  sampler  must  aspirate  between  10 
and  3,3CO  m3  of  air* 

Since  the  average  time  reference  unit  in  pollution  oontrol  is 
one  day,  the  aspiration  rate  should  be  between  0*4  and  130  m?/hour* 
Therefore,  An  the  case  of  instruments  using  filters  offering  even 
moderate  resistance  to  flow,  relatively  large  surface  area  filter 
must  be  used* 

As  cun  be  seen,  measurement  of  particulate  matter  concentra¬ 
tions  in  terms  of  mg/m3  is  very  troublesome*  Therefore,  comparative 
methods  are  sometimes  used*  These  methods  usually  depend  on  estimating 
the  degree  of  soiling  of  the  filter  material,  and  the  unite  are  esta¬ 
blished  arbitrarily. 

2*  Measuring  filters  for  the  direct  determine*. -un  of  partlcu- 
7-atle  matter  concentrations 

Because  of  the  relatively  high  air  flow  rates  possible,  the 


Staplacc  Ki-Volisne  Air  Simpler  (Staplex  Company.  Brooklyn)  is  vary 
convenient  to  use.  This  instrument,  shown  in  Fig.  X,2  (X.?)  can  aspir¬ 
ate  air  at  a  rata  of  1.8  m3/^jn,  which  corresponds  to  5,600  m3  of  air 
passed  through  the  filter  in  24  hours.  Ordinarily,  the  instrument  is 
designed  for  oenrt.es  with  a  filter  of  sbout  1C  cr  in  diameter,  but 
suitable  adapters  may  permit  the  use  of  other  filter  sizes.  The  fol¬ 
lowing  sizes  are  usac.t  15.2  x  2.3  cm  (6"  x  9").  20.3  x  25,4  cm  (8  x  10,! 
and  30.5  x  30*5  or.  (12  x  12,r)  depending  on  the  flow  resistance  of  the 
filter  material  used  end  on  t.he  particulate  matter  concentration. 


Fig.  X,2.  staple:-  Hi-Volurce  Air  Geunplor 

Filter  paper  and  board  manufactured  in  a  number  of  grades  by 
the  Staplex  Co.  is  used  with  the  Instrument,  Tine  '/.'.ufacturer  states 
that  particles  of  up  to  t';.Gl  u  diameter  can  be  retained  by  selecting 
filter  material. 

t 

Aa  in  all  filtration  methods,  the  filter  should  bo  first  dried 
to  constant,  weight  arid  weighed  with  sn  accuracy  to  C.l  rig  prior  to  use 
(if  the  weight  of  particulate  matter  collected  is  of  the  order  of 
several  tens  of  milligrams.  The  procedure  ia  repeated  after  sampling. 

Hue  troublesome  business  of  taking  Into  account  the  humidity  i 
changes  of  the  filter  can  be  avoided  by  using  soluble  filter  materials 
such  aa  t«trs chlcronaphthalene ,  developed  by  A.  1'.  «-y  (X.i).  The  fil~j 
j  ter  is  formed  directly  on  a  frame  equipped  with  c.  metal  mesh.  After 
|  sampling  the  filler  is  dissolved  it.  ether,  and  the  solution  if-  placed  | 


in  &  test  tub®.  The  solution  is  centrifuged,  the  supernatant  liquid 
decanted,  end  the  residue  is  dried  at  2j05°C  end  weighed,  or  subject®! 
to  chemical  and  microscopic  analysis. 


Eletroetatie  samplers  are  also  used  for  detezmlnlng  the  concen¬ 
trations  of  particulate  matter  In  air.  An  example  of  such  an  instru¬ 
ment,  manufactured  by  Sartoriua-Werke  A.  G.  Oottlnf®n,  is  shewn  in 
Pig.  1,2  (1.7). 


A  .f 


i  n  n 


Fig,  2,3.  Sartoriue-Werke  slectroatatio  air  aanpler.  1.  Inlet; 
2.  Collection  chamber, t  3.  Quitting  electrodes;  A.  Collecting  eloctrode 
5*  Electric  regulator;  6.  Connecting  tube;  7*  High  voltage  generator; 
8.  Pan. 

Duet  laden  air  is  aspirated  through  the  intake  (1)  into  the 
chamber  (2).  There  the  particulate  matter  is  ionised  as  a  result  of 
the  ooronal  discharge  by  the  emitting  electrodes  (3)  fed  by  a  device 
for  generating  high  voltage  (7).  The  perticles  settle  on  the  collec¬ 
ting  electrode  (4)  made  of  thin  steel  plate  under  the  influence  of 
electrostatic  forces.  Clean  air  is  sucked  by  f an  (8)  through  tube  (6). 
The  air  flew  rate  ie  regulated  by  an  automatic  regulator. 

The  air  flow  rate  ie  3.6-  mVhour.  According  to  the  manufactur¬ 
er^  data,  the  sampler  assures  dust  precipitation  with  an  efficiency 
of  90#  -  4#.  The  maximum  amount  of  dust  allowed  bo  accumulate  on  the 
collecting  plate  is  60  gram*.  After  templing,  the  collecting  plate  la 
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removed,  and  weighed  on  an  analytic*!  balance  together  with  the 
accumulated  duet* 


The  Cast  electrostatic  sampler  (chapter  VIH)  is  also  used 
for  do t« mining  particulate  concentrations  in  the  atmosphere* 

ht  Filters  for  the  indirect  ostiaation  of  particulate  matter 
concentrations  ~~  *"*““*5'*"* 

2h  view  of  the  aforementioned  difficulties  associated  with  the 
direct  methods  of  determining  particulate  concentrations  through 
weighing  the  filter,  a  number  of  automatic  samplers  have  been  designed 
in  which  particulate  concentrations  are  estimated  by  comparing  the 
degree  of  dirtying  of  the  filter  material.  Despite  their  lower  accur¬ 
acy,  they  have  found  wide  application  because  of  the  ease  of  service, 
and  also  due  to  the  fact  that  they  make  it  possible  to  record  hourly 
fluctuations  in  particulate  concentrations. 


Fig.  X,4.  General  view  of  the  J.  3.  Owens  automatic  swapler 

Th«  automatic  sampler  developed  by  <J.  2.  Owens  (O.lf,)  is 
i  very  convenient  for  measuring  particulate  concentrations  over  24  hour 
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periods*  A  general  view  of  the  instrument  is  aho*n  in  Fig*  X,4,  and 
*  simplified  schematic  diagram  is  shown  in  Fig*  X,5* 

The  instrument  works  ss  follow*} 

Water  from  the  Bains  is  led  into  a  two-liter  tank  (3)  through) 
a  pipe  (1)  equipped  with  a  cock  (2)*  The  water  flew*  through  a  valve 
(4)  connected  to  a  timing  device  not  shown  in  the  diagram*  The  valve 
(4)  is  opened  at  hourly  intervals*  After  attaining  level  e-a,  the 
water  overflows  through  &  syphon  (5),  causing  the  aspiration  of  two 
liters  of  air  into  the  tank*  A  filter  paper  is  fastened  In  the  intake 
tube  (6)  having  a  diameter  of  0*32  nstere*  Thia  retains  the  partimv- 
late  matter  contained  in  the  aspirated  volume  of  air*  A  clockwork 
mechanise  shifts  the  filter  paper  while  the  teak  it  being  filled 
with  water*  The  filter  paper  is  a  circle  with  an  overprinted  scale 
corresponding  to  24  hours*  Fig*  1,6  shows  the  filter  paper  along 
whose  periphery  there  are  blackened  spots  caused  by  the  espiretion  of 
dirty  sir*  The  concentration  of  partieulate  matter  Is  estimated  by 
comparing  the  intensity  of  spots  on  the  filter  paper  with  a  standard 
calibrated  from  0  to  20*  The  results  can  be  arbitrarily  re-caloulated 
to  mg/h£  by  multiplying  the  rating  by  0*032* 


Fig*  X,5*  A  schematic  diagram  illustrating  the  action  of  the 
J*  S*  Owens  automatic  sender.  1*  Inlet  water  pipe;  2*  Cutoff  cock} 
5TTan2 rx TalVe~r ' WW ?  »*,lir,iBWiwi papen 


In  the  ease  of  low  pollutant  concentrations,  another  tank  of 
any  desired  capacity  can  be  set  on  the  same  level,  and  connected  by- 
two  pipes-,  one  near  the  bottom  of  the  vessel,  and  the  other  above 
the  upper  bend  of  the  syphon  pipe.  Thus  the  air  intake  is  increased, 
resulting  in  a  larger  amount  of  dust  being  retained  on  the  filter, 
with  a  corresponding  increase  in  the  degree  of  blackening.  In  this 
case  the  arbitrary  concentration  £n  mg/m3  is  obtained  as  the  product 
of  the  rating  and  expression  * t/*-  *  where  v  is  the  volume  of  the 

additional  tank#  4  ~  v 
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Pig,  X,6.  filter  paper  used  in  the  J.  3.  Owens  ai  ton>etic 
sampler 

It  should,  be  explained  that ^ the  above  method  of  re-calculating 
the  degree  of  blackening  into  mg/np  is  merely  to  o’  tain  a  rough  esti¬ 
mate.  Furthermore,  standards  of  blackening  must  be  established  dally 
for  each  sampling  area, 

Hie  A131  Automatic  Smoke  Sfxipler  man uf&ctured  by  the  iwsearch 
Appliance  ho,  (X.7)  also  works  on  the  filter  principle.  Its  general 
view  is  shown  in  Fig.  X,  ?.  The  air  is  aspire  ted  at  a  rate  cf  about 
sever,  litera/ain  through  a  filter  with  a  working  area  of  4.7  cm*-.  'The 


filter  he  a  the  form  of  *  tape  which  can  be  transported  automatically* 
The  unit  sampling  time  can  be  sat  at  between  0*5  to  2k  hours*  The 
degree  of  filter  blackening  is  measured  with  the  aid  of  a  special 
photometer*  The  results  are  given  in  Coh  unite  per  1,000  feet*  The 
Coh  unit  is  the  amount  of  duet  causing  a  change  in  the  optical  density 
of  air  by  0*01*  The  amount  of  dust  retained  on  the  filter  is  deter¬ 
mined  with  the  aid  of  a  special  device  which  measures  the  intensity 
of  trana&ltted  light* 


Pig*  X,?.  Alfll  Automatic  Smoke  Recorder 

Another  improvement  of  the  above  instrument  is  the  Hi-Flow 
Tape  Sampler  manufactured  by  the  same  company,  and  shown  in  Fig*  X,3 
(X.4)*  The  basic  difference  between  the  two  ie  that  the  latter  instru¬ 
ment  uses  a  membrane  filter  in  the  form  of  e  tape,  and  it  can  regulate 
the  air  flow  rate  between  five  and  32  liters/irdfw  Control  of  the 
aspiration  rate  is  accomplished  by  measuring  the  vacuum  forming 
beyond  the  filter,  when  the  characteristics  of  the  filter  material 
are  known.  The  length  of  tape  loaded  into  the  instrument  permits  the 
execution  of  60  consecutive  readings*  Depending  on  the  length  of  the 
Individual  samplings,  the  tape  osn  laet  between  ”0  hours  and  60  days, 
While  the  tape  is  being  shifted  between  the  samplings,  the  suction 
pump  is  automatically  cut  off.  Fig.  X,9  shows  a  section  of  the  tape 
before  and  after  sampling. 


Fig.  X,3.  Ki-Flow  ?&po  Sampler 

The  Automatic  Air  Pollution  Rocorder,  mndo  by  Fleming  :iadio 
Ltd  (X. 7)  end  illustrated  An  vi.;.  X,3.0,  works  0.1  c  similar  principle. 
Atmospheric  air  is  aspirated  borough  a  filter  paper  in  the  for?-  of  n  j 
tape  at  a  rate  of  about  1>  jn3/nour.  The  instrument  can  be  al  J  ..ionalV  j 
equipped  with  a  flow  rate  regulator  and  vrith  electronic  equipment  for  1 
determining  the  decree  of  blackening  of  the  tape.  The  ce;y«e  of  black¬ 
ening  is  estimated  as  follows*  After  e&cH  samplin':  ti tape  is  sniffced 
so  that  the  dirtied  spot  is  placed  under  one  of  tne  photocells.  The 


i  sir.;; lifted  by  a  DC  amplifier  and  then  led  to  two  branches  of  a  bridge 
’  consisting  of  a  double  triode.  Ihc  degree  of  Unbalance^  of  this  bridge 
i  is  the  measure  of  the  amount  of  particulate  matter  collected  on  the 
filter,  In  this  way,  changes  in  the  intensity  of  the  light  source 
and  the  optical  properties  of  the  filler  tape  are  eliminated.  The 
bridge  output  can  be  connected  directly  to  a  recording  device  calib¬ 
rated  in  suitable  unit a. 


A  t ype  of  instrument  designated  by  the  symbol  br  <y>cufre-fymes; j 
for  the  simultaneous  determination  of  particulate  matter  tni  bC-  I 
concentrations  in  air  are  vary  popular  in  France  end  Fr.gland  (rig. 

X,llj  (0*15),  (X.5))* 


—  ,:/,3 


Fig.  X,ll.  Diagram  of  the  "SF”  typo  instrument.  1*  Intake 
funnolj  2*  Compressor  j  3*  Filter  paper ;  4.  Filter  chamber;  5*  Vash- 
bottle  with  hydrogen  peroxide  solution;  6.  Gas  gage. 

| 

Air  i«  aspirated  through  a  funnel  (1)  which  excludes  atmos¬ 
pheric  precipitation  by  means  of  compressor  (2),  and  passes  through  a 
filter  paper  (3)  fastened  in  the  filter  chamber  (4),  a  wash-bottle  (5) 
filled  with  hydrogen  peroxide  solution,  and  then  through  &  gan  gage 
(6).  Particulate  matter  concentration  is  estimated  by  deteiTiining 
the  degree  of  blackening  of  the  filter  paper  by  comparison  with  a 
suitable  standard. 

Filters  having  diameters  of  2.5  or  5  cm  are  used,  depending 
on  emoka  density  in  the  air.  The  SO2  concentration  is  determined  as 
described  in  chapter  VII  on  the  basis  of  the  amount  of  K^SO^  formed 
in  the  waah-bottlo. 

The  paper  and  the  wash-bottle  .ire  changed  daily  and  analysed 
in  a  central  laboratory* 

5.  Automatic  konlmetera 

In  Gennany  and  Austria  particulate  matter  concentrations  are 
also  determined  using  samplers  based  on  the  adhesive  konimetsr  prin¬ 
ciple.  They  differ  from  the  classical  Zeiss  or  Sartorius  kordmetftr 
designs  (X.7)  in  that  aspiration  of  air  and  rotation  of  the  sampling 
glass  are  done  automatically. 

One  of  the  first  designs  of  this  type,  introduced  in  193$ 
by  F.  Lowe  (X.3),  was  an  automatic  kenimater  capable  of  continuous 
operation  over  24  hours,  It  was  produced  by  Zeiss  Co.  under  the  name  j 
of  "Hegistrllnder  Konh-ietar” .  The  noszle  and  glass  ere  of  the  same  { 
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sis*  a*  tho 3*  In  th*  ordinary  konimeter. 


Pig*  X,12.  Automatic  Zeiss  konimeter.  1.  Vacuum  pump;  2. 
Sampling  glass;  3*  Clockwork  mechanism* 

The  Instrument  is  shown  in  Fig*  X,12.  Air  is  aspirated  by 
means  of  a  vacuum  pump  (1)  driven  by  an  electric  motor*  The  konimeter 
glass  is  continuously  rotated  by  a  clockwork  mechanism.  A  360°  revolu¬ 
tion  of  the  glass  is  accomplished  in  24  hours,  so  that  a  continuous 
ring  of  deposed  dust  is  obtained  on  it* 

For  intermittent  sampling,  J.  A.  Schedling  (X.6)  haa  developed 
a  konimeter  shown  in  Fig.  X,13*  As  in  ths  former  case,  the  Zeiss 
konimeter  vras  the  starting  point  for  the  design  of  this  instrument* 
Aspiration  of  air  occurs  at  predetermined  intervals  of  time*  The 
pump  (1)  has  the  same  dimensions  and  characteristics  as  the  one  in 
the  standard  konimeter.  The  tensioning  and  release  of  the  spring  Is 
obtained  by  rotating  a  can  (3)  driven  by  a  synchronous  motor.  Thi* 
motor  simultaneously  drives  ths  sampling  glass  (4)  so  that  it  rotates 
by  one  sampling  field  between  the  samplings.  The  entire  assembly  ie 
controlled  by  a  mercury  switch  (5),  and  the  intervals  between  th* 
individual  samplings  can  be  set  at  between  four  and  60  minutes* 


Pig.  X,13.  Diagram  of  the  Sehedling  automatic  sampler.  1. 
Suction  pump;  2*  Cm;  3.  Synchronous  motor;  4.  Sampling  glass;  5, 
Kercuir  switch. 

Yet  another  eaaplnr  baaed  on  the  konimater  principle  has  been 
designed  by  2.  Effauborgar  (X.2).  Its  digram  is  shown  in  ?ig,  X,14»  ! 

Air  is  continuously  pumped  cut  Iron  the  housing  (1)  through  nc-axle  (1)^ 
Due  to  the  resultant  vacuum,  dust  laden  air  is  aspirated  through  in¬ 
take  (3).  After  passing  through  noiicle  (4),  the  air  impinges  on  a 
specially  treated  paper  fastened  on  t  drum  (5}.  As  a  result  of  revolu¬ 
tion  of  the  drum  and  travel  of  the  nos  tie,  the  dust  particles  px-eoipi- 
tated  on  the  paper  xora  darkened  spiral  lines.  Trie  degree  ex'  blacken¬ 
ing  indicates  the  mount  of  particulate  matter  in  the  aspirated  air, 
Thu  circumference  of  the  drum  is  ?M  cm,  ’,/hich  at  one  revolution  per 
j  24  hours  gives  an  advance  of  one  cir./hour,  The  transverse  travel  of 
:  the  not ale  is  caused  by  a  screw  (6),  and  amounts  to  2  cu  per  2 4  hours. 

Both  the  drum  and  the  screw  are  driven  by  a  synchronous  motor  with 
j  suitable  transmission.  At  the  stated  velocities,  the  instrument  car. 

I  verb  .Cor  about  two  weeks  without  changing  the  paper.  Various  noz?.le 
diameters  (C.5,  0.75,  1.0  and  l.*>  ran)  can  be  used  depending  on  pollu¬ 
tant  concentrations.  The  air  flow  rate  can  also  be  altered.  The 
paper  used  In  the  iiwtrument  should  have  the  greatest  possible  re-  [ 
si  stance  to  hurdnity.  The  grado  of  paper  used  in  recording  mrteorolo- 
!  gice.1  instruiaents  r.nots  this  condition.  The  paper  is  coated  with  a  i 

|  layer  of  petroleum  jelly  in  order  to  secure  better  nihosicn  of  dust  1 

j  particles,  | 

j  | 

The  degree  cf  blackening  is  compared  with  a  standard  rated 
between  C  and  6*  Effcnberger  claims  that  it  is  possible  to  evaluate  j 
a  degree  of  blackening  of  the  order  of  0.1  that  of  the  stannard.  j 

* 

In  view  of  the  very  email  volumes  of  air  cap  traced,  the  re-  j 
suits  obtained  with  trie  Lews  anti  f-chedling  konimeters  errnot  be 


Fig.  X,14.  Schematic  diagram  of  tha  Sffenberger  autaiatic 
konineter.  1.  Housing;  2,  Oitletj  3.  Intake  tutej  «,*  Noi&s&lej  5.  Re¬ 
cording  drum;  6.  3ciw;  7.  Synchronous  Rotor  and  tiKnenission. 

considered  sufficiently  accurate.  However.  they  do  give  an  idea  of 
the  fluctuations  in  particulate  matter  concentrations * 

Dee  to  the  fact  that  the  efficiency  of  konineters  drone  with 
the  particle  size  of  pollutants ,  the  accuracy  with  regard  to  particles 
less*  than  1  ji  in  diameter  is  inadequate,  they  should  be  ueed  only- 
far  determining  the  concentration  of  Rech&nicaUy’  disintegrated  dusts. 
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Chapter  XI 


Determination  of  Gaseous  Air  Pollutant a 


One  of  the  basic  problems  to  be  solved  by  the  air  pollution 
in  engineer  planning  the  determination  of  gaseous  pollutant  concentra¬ 
tions  in  the  atmosphere  is  the  selection  of  characteristic  pollutants* 
For  technical  reasons,  the  number  of  these  pollutants  cannot  be  too 
large. 


As  has  been  mentioned  at  the  beginning  of  the  present  book, 
the  oxides  of  carbon,  sulfur  or  nitrogen  are  taken  as  the  character¬ 
istic  pollutants. 

Hie  next  problem  to  be  solved  la  the  choice  of  a  suitable 
sampling  method.  The  factors  influencing  this  choice  are  the  levels 
of  pollutant  concentrations  end  the  variations  in  them. 

Fluctuations  in  the  concentration  of  gaseous  pollutants  at  a 
-  given  monitoring  point  are  greater  than  those  of  particulate  matter 
concentrations.  Fig.  X,1  shows  the  results  of  302  concentration 
measurements  at  one  point  over  a  period  of  30  minutes  according  to 
Schwartz  (Xl.6).  The  graph  shows  that  the  SO2  concentrations  may  vary 
between  0.02  end  0.65  ppm  within  a  few  minutes.  It  is  possible  to 
record  such  rapid  changes  only  when  automatic  apparatus  is  used.  This, 
of  course,  is  the  ideal  solution  not  always  attainable  in  practice. 

At  any  rate,  determination  of  gaseous  pollutants  should  be  done  using 
continuous-action  apparatus.  A  period  of  24  hours  may  bs  regarded  as 
j  adequately  long  for  determining  average  concentration  values. 
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Fig.  XI, I.  Variations  In  SOj  concentrations  with  tin© 
Legend!  1.  Concentration,  in  ppm;  2,  Hour. 
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tfumerous  physical  and  chemical  methods  are  at  one's  disposal 
when  it  cornea  to  determining  gaseous  pollutant  concentrations.  The 
basis  of  selection  of  the  most  appropriate  method  lies  in  the  possi¬ 
bility  of  continuous  recording,  and  in  the  accuracy  attainable. 

Fig.  XI,2  gives  a  general  classification  of  the  methods  of 
Identification  of  the  individual  gaseous  components. 

The  optical  methods  are  based  on  the  phenomena  of  absorption, 
scattering,  refraction,  birefringence,  polarization,  etc.  Both  the 
ultraviolet  and  infrared  regions  can  be  used. 

The  infrared  techniques  have  found  the  widest  application  in 
gas  analysis.  The  infrared  absorption  strongly  depends  on  the  mole¬ 
cular  structure.  Virtually  all  gases  can  be  identified  on  this  basis. 

A  typical  design  based  on  this  principle  is  exemplified  by  the  instru-j 
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mantle  ailed  the  UR  AS  ( Ultra  ixd;abaorbtitt$ehraiber)  ♦  Its  minimum  range 
la  between  0  and  500  ppm,  and  it  work#  with  an  accuracy  of  -  2%  in  the 
upper  end  of  twa  acale. 

Tha  paramagnetic  method  is  based  an  the  relationship  between 
the  magnet io  constant  and  the  type  of  gas*  The  fault  of  thle  method 
lies  in  the  fact  that  it  can  be  used  for  determining  only  one  compo¬ 
nent  of  a  gas  mixture,  i.e«,  only  when  all  the  remaining  components 
remain  constant.  It  ia  used  mainly  for  determining  oxygen  concentra¬ 
tions  in  tha  rsnge  between  0  and  200  ppm. 

The  static  and  dynamic  density  methods  rely  on  the  utiliza¬ 
tion  of  differences  in  the  densities  of  various  gases.  Their  applica¬ 
tion  lb  limited  to  determination  of  one  component  only  on  the  assump¬ 
tion  that  the  other  components  remain  constant.  In  view  of  ite  low 
accuracy  (of  the  order  of  0.4;')#  the  method  is  not  used  for  deter¬ 
mining  gaseous  air  pollutants. 

The  methods,  based  on  the  measurement  of  heat  conductivity 
make  use  of  large  differences  of  the  conductivity  coefficient  of 
various  gases.  In  view  of  their  low  accuracy  (of  the  order  of  15.) 
they  find  no  application  ir.  determination  of  gaseous  air  pollutants. 

Among  the  methods  depending  on  the  measurement  of  the  heat  of 
reaction  we  have;  1.  Catalytic  combustion  method,  applied  in  the 
range  between  0  and  3,000  ppm  'with  an  accuracy  of  about  10  ppm;  2. 
methods  bated  on  chemical  reaction  between  a  given  gas  and  a  suitably 
chosen  liquid,  applicable  in  the  range  between  0  and  500  ppm  with  an 
accuracy  of  5  ppm  (Hiemofluy) . 

The  electrolytic  methods  arc  based  on  the  phenomenon  cf  changes 
in  the  conductivity  of  an  electrolyte  as  a  result  of  the  absorption 
i  of  a  gas*  The  rare*  is  between  0  and  5  mg/»3,  with  an  accuracy  of  2% 

I  in  the  upper  part  of  the  scale.  Kethcds  based  on  a  reduction  in  the 
!  volume  of  a  gas  as  e  result  of  absorption  by  a  liquid  are  not  used  be-| 
j  cause  of  their  law  accuracy. 

The  chemical  absorption  methods  depend  on  the  absorption  of 
a  gas  by  a  liquid  and  on  determination  of  concentration  by  the  gravi¬ 
metric^  nephelometric  or  colorimetric  methods.  These  methods  find  a 
wide  application  la  the  determination  of  gaeoouts  air  pollutants,  but 
only  in  the  case  of  nen-automatie  aarplirq;. 

Adsorption  methods  are  based  on  the  adsorption  of  gases  on 
a olid  reagent a  and  the  determination  of  the  resultant  color  change. 
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3.  Pet.&ralnfetion  at  the  Individual  gaseous  pollutants 

3.  1.  Sulfur  compounds 

Sulfur  u  an  air  pollutant  is  present  in  many  forms,  but  mainly 
as  SOj*  H23,  30j,  HgSO^,  and  various  metal  sulfides. 

Sulfur  dioxide  under  normal  condition  la  &  colorless  gas  with 
a  suffocating  odor*  Its  density  is  2.92?  g/litrej  and  ito  melting 
and  boiling  points  are  -?2*7°  and  -10.0°C  respectively. 

Jh  concentrations  of  between  six  and  12  ppm  (?.2  -  14.4  mg/m3) 
it  immediately  causes  Irritation  of  ncse  and  throat*  The  ■uMrlmmi  per¬ 
missible  single  concentration  of  S&j  in  air  is  0*5  mg/m3,  Small  amount: 
of  30*  (comprising  between  1  and  5%  of  total  sulfur)  escape  into  the 
atmosphere  with  flue  gases.  However,  this  is  not  the  only  source  , 
since  SOo  is  oxidized  to  30c  in  the  atmosphere*  This  reaction  is  very 
slow  in  dry  air,  but  is  speeded  up  In  the  presence  of  water  droplets 
(fog),  and  in  particular,  in  the  presence  of  manganese  compounds.  30j 
dissolves  in  water  droplets,  end  is  readily  oxidized  to  H2SC4,  which 
in  turn  become  hydrated  end  yield  sulfuric  acid  mist*  The  latter  can 
react  with  metal  cccides  present  in  air, giving  sulfates* 

Kainly  colorimetric  methods  are  used  for  determining  the  30? 
concentrations  in  air.  The  method  developed  by  West  and  Sacks  (XI. 7) 
is  particularly  sensitive.  It  makes  use  of  a  liquid  which  assumes  a 
purple-red  color  upon  absorbing  SOj.  The  S02  concentration  is  deter¬ 
mined  by  comparing  the  sample  with  standard  color  tubes.  The  accuracy 
of  this  method  ie  about  0.05  ppm.  1 

The  methods  for  30^  determination  are  less  satisfactory.  This 
compound  may  be  determined  by  the  Kaater  method  (XI.3),  in  which  SO2 
is  simultaneously  determined.  This  method  depends  on  titration  of 
sulfuric  acid  with  a  standard  sodium  hydroxide  solution,  oxidation 
of  the  SO*  with  bromine,  aeidulation,  and  precipitation  of  bariur  . 
sulfate. 

For  the  purpoae  of  continuous  determination  of  SOp  in  air, 
universal  ’\se  is  made  of  recording  devices  which  are  based  on  the 
measu remer t  of  the  heat  of  roaction  or  the  conductivity  cf  an  electro¬ 
lyte.  Typical  examples  of  this  type  of  apparatus  are  the  Themoflux, 
Autometer,  Jcnoflux  and  Titrilog  instruments. 

A  schematic  diagram  of  the  Thereof lux  is  shown  in  Fig.  XI, 3 
(XX.2)»  Its  mode  of  action  is  as  follows. 

The  gas  sample  is  aspirated  at  a  constant  rate  into  a  chamber 


through  •which  *  reagent  capable  of  reaction  with  one  of  the  gat  compo¬ 
nents  (in  this  case,  SO2)  flows  also  at  a  constant  rats.  A  given 
amount  of  heat  ic  evoi/ed  as  a  result  of  chemical  reaction*  The  re¬ 
sultant  increase  in  the  temperature  ia  measured  by  means  of  thermo¬ 
electric  thermometers  which  can  be  calibrated  directly  either  in  % 
or  in  ppm. 


Fig.  XI, 3.  A  diagram  of  the  Thereof lux.  1.  Intake ;  2.  Gage; 
3.  Container  with  reagent;  4.  System  of  thermocouples;  5.  Heading 
terminals;  6.  Gas  outlet. 


The  diagram  of  the  Autometer  instrument  (0.9)  is  shown  in 
■Fig.  XI,4*  It  works  on  the  principle  of  measurement  of  the  conductivi¬ 
ty  of  sulfuric  acid  formed -by  the  oxidation  of  SCg  obtained  from  s 
given  volume  of  air.  Sulfur  dioxide  ia  absorbed  and  oxidized  in  a 
slightly  acixiio  solution  of  hydrogen  peroxide.  The  sampling  time  As 
30  minutes,  while  the  conductivity'  measurements  are  made  every  two 
minutes.  After  30  minutes,  the  solution  is  automatically  pumped  out 
and  replaced  ty  fresh  solution.  The  absorbing  solution  must  not  absorb 
other  gases  capable  of  forming  electrolytes. 

An  instrument  called  the  Jonoflux  (Fig.  XI, 3/  vXI»4;  works  on 
a  similar  principle,  but  depend:  on  a  constant  flow  of  the  absorbing 
liquid.  The  liquid  is  fed  from  two  parallel  sections  of  the  tube,  one 
of  which  receives  the  gas  under  investigation.  The  difference  in 
conductivity  between  the  two  sections  of  the  tube  indicate s-  the 
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concentration  in  (dr  depend*  on  tha  phenomenon  of  30^  absorption  on 
Pb02  with  the  formation  of  the  insoluble  lead  sulfate.  The  amount 
of  lead  sulfate  formed  is  proportional  to  the  active  surface  area  of 
PbO~  and  exposure  time,  and  can  provide  the  measure  of  the  SOg  content 
in  air. 


Fig.  XI, 5*  A  diagram  of  the  Jonoflux  instrument.  1.  Air  intake; 
2.  Gage;  3.  Vessel  wit!*  solution ;  A.  fixing  chamber;  5.  Section  of 
tube  in  which  the  reaction  takee  place;  6.  Measurement  3«ctioi>;  7. 
Control  section;  8.  21ec.tric  indicating  or  recording  section. 

The  sampling  using  this  .method  is  carried  out  by  periodically  expo¬ 
sing  porcelain  cylinders  coated  vith  a  PbCg  paste  to  the  action  of 
air.  After  exposure,  the  amount  of  absorbed  3Cg  is  determined  in 
the  following  mannei’.  The  paste  stripped  from  the  cylinders  is  boiled 
in  a  solution  of  eodiun  carbonate,  converting  lead  sulfate  to  the 
soluble  sodium  sulfate.  After  filtering  off  the  insoluble  lead  oxide, 
the  solution  is  acidified  with  HOI  and  the  sulfate  is  precipitated 
with  barium  chloride.  Then  the  solution  is  filtered  off,  the  filter 
with  barium  sulfate  is  dried  end  calcined,  and  the  BaSC^  ie  deter- 
|  mined  gravimetricelly  and  re-calculated  Into  SO*.  The  SOn  content 
is  expressed  in  mg/ci c2/da;r, 

Tne  results  obtained  by  the  PbOj  method  can  be  approximately 
recalculated  in  terms  of  ti.e  absolute  mean  SOg  concentration  in  air, 
and  expressed  in  ng/m?,  but  the  recalculation  coefficient  varies  with 
meteorological  conditions.  The  ability  of  SCo  to  react  with  PbOg 
depends  on  the  method  of  preparation  of  the  latter,  on  atmospheric 
humidity','  and  on  wind  velocity. 

Hydrogen  sulfide  is  a  very  toxic  gas  with  an  unpleasant  odor. 


T 
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Its  coiling  point  is  -61*8°C  • 


Fig.  11,6-.  A  diagram  of  the  Titrilog  instrument.  1.  Air  intake} 
2.  Electrolyzer;  %  Positive  electrodes}  U .  DC  amplifier;  5.  Wording 
allliwteter;  6*  Voltmeter;  7.  2*tem&,l  negative  electrodes;  8.  Char¬ 
coal  filter;  9.  Outlet  tube. 

The  maximum  permissible  single  concentration  of  H2S  in  air 
0.03  mg/mj.  It  is  partly  acidized  in  air  to  SG3 

Hydrogen  sulfide  can  bs  determined  eolorimetricully.  A  sample 
of  gas  is  passed  through  a  15  solution  of  zinc  oxide.  After  adding 
p-aminodimetliyianiline  and  ferric  chloride,  the  solution  assumes  a 
|  blue  color  in  the  presence  of  the  sulfide  ion.  Hydrogen  sulfide  can 
i  also  be  determined  by  the  automatic  methods  used  for  the  determination 
j  of  S0a. 

j  3.2.  Hydropen  Fluoride  j 

j  Fluorine  as  an  air  pollutant  is  present  mainly  in  the  four  of 

;  B?  and  fluorides.  HF  is  3  poisonous  liquid  with  strongly  corrosive 
properties.  In  view  of  its  low  boiling  point  (19 •U°C)t  it  i3  readily 
emitted  into  the  atmosphere  as  a  vapor.  Its  maximum  permissible 
concentration  is  0.03  ng/;n3,  but.  such  concentration!?  are  never  found  ! 
in  the  atmosphere.  Hydrogen  fluoride  is  particularly  dangerous  be¬ 
cause  it.  is  a  cumulative  poison. 

i  Sensitive  analyf  sal  and  colorimetric  methods  must  be  used 

|  because  of  the  lets’  concentrations  of  HF  in  air. 
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are  formed  through  the  oxidation  of  nitrogen  oxide  to  nitrogen  pent- 
oxide  which  reacts  to  forr.  nitrio  acid  with  water  vapor,  and  then 
reacts  with  various  metal  compounds*  Analysis  shorn  the  presence  of 
nitrates  at  concentrations  varying  bstween  0.7  and  14*4  mg/u3. 

The  method  most  frequently  used  for  determining  nitrogen  oxide 
is  that  based  on  phenolsulphonio  acid*  Tills  method  determines  the 
total  nitrogen  (with  the  exception  of  NjO)  regardless  of  the  type  of 
compound* 

Nitrogen  dioxide  can  also  be  determined  colorimetric  ally  by 
passing  a  gas  sample  through  the  Griess  reagent  (XI.5).  The  sensitiv¬ 
ity  of  this  method  is  of  the  order  of  several  0*001  ppm  at  a  flow 
rate  of  0*4  llters/mln  maintained  over  10  minutes* 

Nitrogen  oxides  can  also  be  determined  spec t rograph ice lly «  U7 
spectrophotometers  are  used  for  determining  nitrogen  dioxide,  while 
infrared  spectroscopy  determines  the  concentrations  of  nitrous  oxide* 


Carbon  monoxide  is  a  colorless  and  odorless,  strongly  poisonous 
gas.  It  is  the  product  of  incomplete  combustion  of  carbon  and  its 
compounds*  In  view  of  its  strong  affinity  for  haemoglobin,  it  has  been 
classified  as  a  suffocating  gaa*  Its  maximum  permissible  concentration 
in  air  is  1  mg/n3.  Analysis  of  air  samples  from  city  streets  and  motor 
traffic  tunnels  has  revealed  CO  concentrations  of  90  ppm. 

Carbon  monoxide  in  the  atmosphere  is  determined  by  colorometric 
methods*  In  one  of  the  most  common  methods  use  is  made  of  pure  silica 
gel- saturated  with  ammonium  molybdate  and  a  solution  of  palladium 
sulfate.  The  blue-colored  molybdenum  is  formed  in  the  presence  of  CO. 
There  are  also  infrared  spectrophotometers  for  determining  CO. 
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